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ABSTRACT 


The present study concerned the development and validation of a 
radioimmunoassay (RIA) suitable for the measurement of serum 
immunoreactive growth hormone (ir GH) levels in the goldfish, 
Carasstus auratus. The carp GH (cGH) used in the RIA was capable of 
promoting marked increases in growth rates of goldfish; in addition, 
a preliminary experiment suggested that the rabbit anti-cGH serum used 
in the RIA bound to endogenous circulating goldfish GH. The cGH RIA 
provided sensitive and reproducible measurements of goldfish serum 
ir GH levels. Extensive specificity testing strongly suggested that 
only goldfish GH reacts in this cGH RIA. 

The cGH RIA was used to measure goldfish serum ir GH levels ina 
variety of physiological studies. Synthetic mammalian somatostatin 
(SRIF) was found to decrease serum ir GH levels in goldfish; two in- 
jections of SRIF given 12 hr apart resulted in significant decreases 
in serum ir GH levels at 1.5 and 6 hr following the second injection. 
In addition, there was a marked post-inhibitory rebound in serum 
ir GH levels at 24 hr following the second injection. 

A series of experiments presented in Chapter 2 demonstrated that 
serum ir GH levels in female goldfish can be altered by systemic 
injections of a variety of catecholamines or drugs which alter the 
synthesis or action of catecholamines. The effect of a single intra- 
peritoneal injection of NE on serum ir GH levels varied depending on 
time of year; experiments conducted between November and February 


suggested that NE increased GH secretion whereas in May and June NE 
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decreased serum ir GH levels. Additional experiments suggested that 
injections of L-DOPA caused dose-dependent increases in serum ir GH 
levels of female goldfish by decarboxylation to DA within the central 
nervous system. 

Results presented in Chapter 3 demonstrated that lesioning the 
nucleus preopticus periventricularis (NPP) in goldfish resulted in 
both increased serum ir GH levels and increased body weight increments 
at 4 weeks post-lesioning. Since the NPP is a major site of SRIF 
immunoreactivity in another teleost species, it is possible that the 
NPP lesions in goldfish destroyed somatostatinergic neurons, thereby 
removing the SRIF inhibitory influence on the GH secretory cells. 

Although a series of experiments presented in Chapter 4 provided 
no evidence for a circadian rhythm in GH secretion, serum ir GH levels 
were found to fluctuate abruptly (marked increases or decreases 
occurring over a 20 to 30 min interval) suggesting pulsatile GH 
release in the goldfish. Serum ir GH levels were found to increase 
progressively when groups of fish were sampled in February, April and 
August. Since both time of year and the experimental light-dark cycle 
were changed concurrently in these experiments it was not possible to 
determine whether these, or other factors, were responsible for the 
observed differences. Nevertheless, it is relevant to note that serum 
ir GH levels were greatest in the summer months, at the time of year 


when many spring-spawning teleost fishes grow most rapidly. 


vi 


)) 
| ’ $9 . ps 9 P Pe4 i. oS +. 
tadi9 & “aun sidentzoedeb Jencrsrina |. <=48vee 2) nt muroe DSsestoap 
i ‘ 
= ~ Aoyge 2, 3c } fieee Gis 
i +i mise wi eoshoqtant ‘iepredsi-se ee AQOG= as a mos Haoes 
; : : = eat = ‘ 
3. , wirshivindstseh vd Netibioe 225MSs =v" sine 
L€é% ij72a> Gir. ‘f ei : eh 7 - A a + 


iacsye Biro = 


> 
& 
‘ 
J 
£ 
— 
al 
\ 
‘ 


<7 : ~sney ised eunisaoday, SaRtSRE ae 
A 4 P ‘ P ~ - i bet J bl > 


’ ae ? : ry ‘ +? =f ui+? 7 Fiaees & dé 
te. 4 a = ee > < "= . —_“s v 
- r) 
. ae = -$8b61 ed ye ed ind hes Seo Teal 
‘ _ — a Sa 
; : ' — 
ces | sotemis Ef@sayeeo Welthtos 1 incite 
, ' : “ » 
Fy 4 < 
4 ba de. wes aryl en sididai Tse wit Sivoo 
netuscbva asaaee eqs fo eeleee « Sener ee 
; S I ’ ‘2 ; d a @ . - ~~ 
a — 
: ; ier ty 4) ptr z himwrica-@: Fos sonefive on - 
; eee a ‘+ ote toul?. 6s Bave® ‘sxe 
ats +s 
on 7 NY 
P : om = sear, ( —"y rir e-o> Oh 6 Bevo PrLitisaog a 
=» 4 A ? $ bh. % ~™ . = 
= 
a : ; _* paar erty] 8m “<} terest “avieiop aft of enssiea | 
— -. ~ - = ? = “a ; te ~ 7 


~ ies 
bia [ings vis o% Hi Gal4Mip= stew 12 %6 aaeots asiiw yloy teaerpemy 


trab-cripai lainenitours on ; esy *o oced ied eonke’ See 
w - A 7 


a 


» 


—— ‘nine £64) ~~ igvenee ) wa 4 P A . » 
am. Blotesoay 200 <h% i Bat Leas <aoh 


rs 
. 
| 
“ 
4 
oI 


: 
mM nk y Tavone2 hepjakts asew 


ats wed additencqee + sti (eYetost «ido x6 .2¢9n? Teeeeliy Sn Tes aby 5 
a < te 7 S ; 


Sonics YeeyelatS) ti ,evalwiticc+t .aconeasth +h bevaeude 


ACKNOWLEDGEMENTS 


I would like to express my gratitude for the supervision and 
encouragement of Dr. R.E. Peter throughout the course of this study. 
I am expecially grateful for his critical comments of this manuscript. 

I would like to thank Drs. R.J. Christopherson, W.C. Mackay, 
Cre wilco. lt ancl. wang for their critical review of the thesis. I 
also wish to thank Drs. S.W. Farmer and H. Papkoff for their generous 
supply of the carp growth hormone and rabbit anti-carp growth hormone 
serum. Special thanks are due to Dr. H. Cook for his help and 
encouragement towards the peroxidase anti-peroxidase immunocytochemical 
mechnique, and to De. N.E. Stacey, Mr. J.P. Chang, Ms. A. Hontela, 
Ms. A. Kyle and Miss C. Nahorniak for their help with the blood 
sampling of goldfish. 

Dramiegraterul-Oomy parents; Mr. and Mrs. S. Cook for their 
assistance in editing and typing of portions of this thesis. 

The constant encouragement and assistance of my wife, Elizabeth, 
during all aspects of this study, is sincerely appreciated. Her many 
hours of hard work in editing and typing of the earlier and final 
drafts of this thesis have been invaluable. 

I would also like to acknowledge the financial support of a 1967 
Science Scholarship of the National Research Council of Canada. This 
research was also funded by National Research Council Grant A6371 to 


Dee eReE. Peter. 


vii 


‘ / eee oo 
+ A¢reyed _ a. é ie i! 74 3 ai t= ToS ’ 


. } Oo l Litres * 
; : . ¢£ P n snl ft 7. ~* 
s ae ; | ' 
I ; 7 fj bP Late 
‘ i f ; 
i 7 : W T pt Livold 
= ¥ ~~ 
ai 4 
i] Z. i 5 p ri . 1 € Pa" 
at y = = 
‘ ‘igv L& 
ein be = 
™ isi : . Hs ae 
‘ ; : : 1 
f 26hteowed' oft ebrawed Jaomepeawegre 
ona im < a 4 Ts 
i 
] sf ' <y io a Vi 7 | OF é + OR 
i 
i : : 2iKh bos oiyt 
; i] 
, ‘ 
Heltbion to paliqnas 
i 
Les . : 12289 1) LUTBISAP Ms 


| elaeantd’ aide 2¢-anoltuo ' bas peoasathe. ak sonste iene. 


/ re 
; fi Sar $ ia é Lw * he © tual « rs J : 7 tas SLh3i7IaAs Ie ee (0D ot ™~ 


| verter sok J pedeloeroqs yleusonia 2: .yfote ers. to edvoges Lig pndval 
) | a) wy 
' ; - 


i 
tt Bers worltso ang : 1<ay72 ih postile ml Atow bied to SIO . 


: ‘ 2 , 
ay i 2 is it SVS Sees ® 
fn 4 


irl? to ettex 
wi" ' : 


vy a. mn : 5 : ~ a; : ‘ : : 
Nee J b Yo. Baoqqua Teloneyss wis sehelwondte ot wets onde bivow 1 
> ee vee See ; - ; 
a oe a ae ee —" Rare ve : ' in 
Me. 10 woo = aia Lenoistell eit I gitlexeiodoe songeio® 
Lee phy coor a4 a 


mad : re ck’ 


Et i 


TABLE OF CONTENTS 


Abstract 
Acknowledgements 
List of Tables 


List of Figures 


CENERAL. INTRODUCTIONS S Feminism 2 2 bo hs 


Chapter 1. DEVELOPMENT AND VALIDATION OF A CARP 
GROWTH HORMONE RADIOIMMUNOASSAY 


INTRODUCTION 6G ee Bee ee i ee ae ee, 
MATE REATES SANDE Min HOD Siren ss mseursnerc sen ss 
Ly Todination of Carp Growth Hormone 


II. Radioimmunoassay Procedure .. 


TII. Molecular Heterogeneity of Immunoreactive 
Growth Hormone in Goldfish Serum and 


PLtulcary Homogenate . . «=. = 


IV. Source of Hormones and Fish Serum 


V. Bioassay of Carp Growth Hormone 


Vile LIMnunOnLetOchem St iyor =. is ss: o 


VII. Administration of Antisera to Carp Growth 
Hormone and Effects on Growth Rates in 


(Cfoltebmetasy Le Ss bs 5.8. ele a GS eke 
RESULES Peeeee se ty Ame ay oe gS en oe 


DISCUSSION 2A OE 8 hs Bb ew eH 4 oss 


Chapter 2. THE EFFECTS OF SOMATOSTATIN AND MONOAMINES 
ON SERUM GROWTH HORMONE LEVELS IN THE 


GOLDFISH, CARASSIUS AURATUS . 


Vile 


. 


Page 


18 


42 


54 


ae 
i oy) 
‘ aan 
' y : : 
ie ‘ 
ea 
i 
NMOS. at). S.3 ‘ 
' 
"y 
we a 
i 
oo i a 
frye s7eGs 
i — 


<4 rigiat ha pee ad i ei 


= 
Pas 
4 ‘ ’ < ome 
q N | aut a + ive 
» 
i — _ 
; 
-_—= * 
: —. nt 
; 


a 
{ i ' , {> 1  - © 
{ ie ee ee Oe « 
° 7 = 7 
Oe PR, AAR eee | al 
wh 
ie = 


—_ > 
j ~ 
. : ’ me irgidtt. 2 
> te ‘ . - —s 
\ = : 
iv ; r } 7 
~ » 4 7 
i ~~ 
~ i 
~ 7 
\ 
1 
. . 4 5 i 7 
' i i 
7 
I >, ps “a 
i. . 7 os Z ; ) ‘ ri es ie . 
. 
H 4 © fs rye = 
oe - * ‘ ‘ , 
7 A 


eas Wis oo Aaeelsah 8 ov igicresaaets. . TV a 
mad Brits Haag 3" Me ay ve © Eas baie Seoar gost 


s ioe" s Nata oe 


UIC HON een Res McC EN At ome cm cota Afar <1. Oe gP Oren Ole, 16) 5 6 


MATERIALS AND METHODS aoe ag) ae ae ae 


ois General Procedures By ABP Me US Ae ig ae 
RDC ETM CS marsr CunMy a? of shi <tc, 6 css) 6 ot 6 
pomatoerartin waperiments™. .° 5). 2 78. 8. 


DNGHIGS WSs OMe Vena) Lo a ee Oe ee 
COMODO TON BEL DCU LINCILG oie ve eultig «5 
III. Carp Growth Hormone Radioimmunoassay yO 
IV. Statistical Analyses Spe ee ee GEG ie 
Somatostatin Hxspertments ne ee peer rmiae 
Drug Expertments i, 8 A Seni NE a 
COMDEMALLON EXDeEYTMeCW 9s 2 = «+ js 2s 
RESULTS 8B GO sale “er a HE ae a ee oe ee ore 
Somatostatin Experiments PCA. es ce aes 
DEUCE MO CL CMe US mcs Ea ve diss sone fe les 
COMbeNCELON, EUPerTment 2s ns 


DPSS US STON Meme sme Mell oMrel (ct ciate oe eaie bs. Gehl <2 ce iw x 


Chapter 3. EFFECTS OF HYPOTHALAMIC LESIONS ON SERUM 
GROWTH HORMONE LEVELS AND GROWTH RATES IN 
GOLDFISH ( CARASOLUS PAURAT USS vieuoy sel sine 


INTRODUCTION e. . . 2: . e e 2S: e. e . e e . e . e e . 


MATERIALS AND METHODS Bh ye ty ee) MER a On PP ace ae ee 
plies General Procedures Beene! hy WON. oot Ce ee Pe 
Diem OG PATI t Op awsome We lil. Sed ebe sul ate hey acy ok -etidp ne 


Hapertment $8.1. (July - August, 1977) .... 


ix 


Page 


54 


Bf 


ah) 


57 


ei 


58 


59 


60 


60 


60 


60 


60 


62 


62 


68 


84 


87 


98 


98 


103 


103 


LOS 


103 


“ 
i 
, 
( 
Shut’ ) 
‘ . . ‘ 
4 - * bs 
' he 
= 
| ~~ | 0 FPA 
t2Z ’ +’ * . i al 
\ 
i al osm 
. 
2 Pea 
° 
7 
a oes 
sy ‘ > 
a 
~ 
f t 
i a 
cc" { aay,’ a 
: . 
7 : 
> 
4 “v 
- . 3 
. ° e 
; 
i 
‘ 
f 
m ¢ 
‘ ‘e ty 
} 
‘ . 
\ 
i , . 
1 . *. n 
aaa y YP, , Ary « P coyeye 
, Il Se Ei > Lewd g " 


‘we Se : 


=i We wi weet avons Sa 


8 * of “Fin ghee ge 
i 4 


a? 9 


» hangs ad iP "F 


a 


en 
- = 
es New ~/ 
: 
pig ke ' >| 
i 
jot 4 
. mS, 
= 
‘ 2 
: 2 se 
u = 
TF , 
- - = 
- ; 
(729 . od 
‘ 
- 


~ ~ 
? eo) ] ., 
= 4 


eileen aera 


‘< Sowa A wesgem 
migved ds pidlie Bo 
CAM De lanwAat (fen iauo 


Eeperimene 5.2, (September — OCctoper, 19277) .... «.. aos 

TII. Carp Growth Hormone Radioimmunoassay ee irk emt ne Tees 106 
IV. Statistical Analyses Be A Le TE ic, ES Ge? a eee 106 
RESULTS Scho 6 tee OR a Re ers aa a ee ere a 107 


ee OS ON ee ee i es oa ee ro ie isha e Li sy sel ey ea oy og’ sy S 124 


Chapter 4. DAILY AND SEASONAL VARIATIONS IN SERUM 
IMMUNOREACTIVE GROWTH HORMONE LEVELS 
IN THE GOLDFISH, CARASSIUS AURATUS Aaa ea ee. 29 
REPEC Ld ON Samet afer aus? Siewin ete Elec” Verve fe ew ye, Me Mis es ee) he kes 29 


MATERIALS AND METHODS ch ide SOO a ee ee ee Se Ges HSS) 


ee Source and Maintenance of Experimental 
ey Riiict cc eC MES Penne cero sees MPa ct est so sy ae Os Pig cs: 06 J re 133 
Deter Oe tat eS eee me tee Me el tons By sas) Sel sure. *). ss 4) why ec 133 
eve ne erme omen Mme ies, 0h). We ese. oie sac) 133 


EDEL iC ae Ome rete eres es rte fete fe ch ws ss 6 | 4 
ere es NOUS) mente cS ie et fc 4 fe se, 4 

TII. Carp Growth Hormone Radioimmunoassay Be or GS 130 
IV. Statistical Analyses Sth acti Gena Bian en ere phe oF ees 136 
RESULTS aries Glee ts ih eke A Snes erie Arie Ory et, oe do) 
Beperiien: 4. CPeDY Mary = no ls. OD) Pree ear eee 
Hupertment 4.2. (April, 12L:12D) A rier MES ee Pate Rew 

HODer Ment aoe (AUCUE Ue OU O) 7 ue een ioure use coy) strom 9 4S 

EURGL UMC Te 1 oe OO Nd OM ees Ste. a esis. Seve) Las 


DL SCCUS SON sie me stn kre ee Pee inet eer ere gat eee Note Mette is <, fell ¢ 6 e's 155 


GENERAL DISCUSSION Be ee ee a a ey oe 163 


ef iw : 
" . J — 7 
‘ 
a 
) 1 
| 
it i ‘ bs Ney i 
44 jf er mF Lc VaAtSY =} a SMa is & wabeh' ifn] . 
> A : . 
lo ri : ‘ : 
= ee rpapOuMtOLe? sraacay Aawow) gaa «hd 
: i —— 
; : ace! Ail LE per SVE co > 
; Pee lh a "TAD sas 
‘ - « ° * aye 5 2 2u te 
“ 
. 2 , - 
; a Wiwiow Jigocets* Gu witac .+ Seager 
7 ae ed e, 
Wi) GH shes .. LAS 7 
{ = eo) (nea RTS = 
a yt ' _OTeUOOAT aE 
OT Sey ee LAL Sze 
i " . ~ 7 - 
} 1x3 west iAM' hie seawcs ( 
re =) BL iti 
=. 
g (han iegx- vind 
ts v ee 
, 2 ~ 
® » 
8 J Pr e e . e As 2 24 
eG , oct hn tec 
_ 
~ 
‘iwi Pi | Iii 


eae | 


2h 


([apsgerisss 


LITERATURE CITED 


APPENDIX I 


MATERIALS AND METHODS 


RESULTS 


e 


Ral, 


183 


185 


) 
rh 


nits seers: oF 


— 4 


t 


. . Tt Sigma . 


Table 


LIST OF TABLES 


Effect of carp and bovine growth hormone 
on relative instantaneous growth rates and 
per cent moisture in female goldfish ..... 


Tests of 'within-assay' reproducibility 

with the carp growth hormone radioimmunoassay 
on serum immunoreactive growth hormone (ir GH) 
meacurenenteseinagoliadteshn fevalie.cqaitfiah . . . 


Tests of 'between-assay' reproducibility with 
the carp growth hormone radioimmunoassay on 
serum immunoreactive growth hormone (ir GH) 
Neacuremnentsmrnngoldtishe sess tects enc: 


Effect of administration of rabbit anti- 

carp growth hormone serum (RA-cGH) and normal 
rabbit serum (NRS) on relative instantaneous 

growth rates in female goldfish s£sgseri cn. 


The effect of two intraperitoneal injections 
of some neuropeptides given 12 hours apart 

on serum immunoreactive growth hormone (ir GH) 
levels in the goldfish at 1.5 hours following 
Eve esecond ginjection nkraser lL woneal. baaectkis< 


Effect of a single intraperitoneal injection 
of norepinephrine (NE) on serum immunoreactive 
growth hormone (ir GH) levels 1 hour post- 
injection in female goldfish acclimated to 
292 elCC end atl2n: 12) light-dark cycle 

(11 March, 1980) otras sisoceal. 1s Faesiog. |: 


Effect of a single intraperitoneal injection 
of clonidine on serum immunoreactive growth 
hormone (ir GH) levels at 2 and 6 hours post- 
injection in female goldfish acclimated to 

12 + 19°C and a 12L:12D light-dark cycle oe At 


Effect of a single intraperitoneal injection of 
alpha-methyl-paratyrosine (AMPT) on serum 
immunoreactive growth hormone (ir GH) levels at 
2, © and 24 hours post-injection (presample 
taken immediately prior to injection) in female 
goldfish acclimated to 12 + 1°C and a 12L:12D 
tight daws evelen (27. June, LeGi). 2 6 4 8! 


pceds 


Page 


tS) 


Zo 


24 


41 


63 


v2 


73 


74 


roa 7) ae 

ae Wyige BVi7 1) 
aeeaiaihed Btie-S ze scmves-(99-¥LI Aq 
=. - x 


tk Ee ‘tf Aen ver 


re 


- 
. 7 


— 
* 


Table 


Belo 


Effect of a single intraperitoneal injection 
of phentolamine or propranolol on serum 
immunoreactive growth hormone (ir GH) levels 
at 2 and 6 hours post-injection in female 
goldfish acclimated to 12 + 1°C and a 12L:12D 
Pee OER Gank C1 Cllice dams ele nice eam sii hs yo do 


Effect of a single intraperitoneal injection 
of norepinephrine (NE) and reserpine on serum 
immunoreactive growth hormone (ir GH) levels 

6 hours post-injection in female goldfish 
acelumateds tosi 2b lOO vandias l2bed 2D light— 
Pat eee iC. OM Can Um ia en te oom ola GU okt cig ols val ie cs 


Effect of a single intraperitoneal injection 

of norepinephrine (NE) on serum immunoreactive 
growth hormone (ir GH) levels 0.5 hours post- 
injection in female goldfish acclimated to 

etl Casidactllu wm Delaght—dark cycles... .. . 


Effect of a single intraperitoneal injection 
of norepinephrine (NE) on serum immunoreactive 
growth hormone (ir GH) levels 0.5 hours post- 
injection in female goldfish acclimated to 
ipo ceandwa 161:8D light-dark cycle . . 


Effect of a single intraperitoneal injection 
of dihydroxyphenylalanine (L-DOPA) on serum 
immunoreactive growth hormone (ir GH) levels 

1 and 6 hours post-injection in female gold- 
fishsacclamatedsto. d 244. 1°C. and. a. 12031 2D 
LigiiadarkwcyiclGs caret. pon testes) dou iitee <0 seis) << 


Effect of a single intraperitoneal injection 

of dopamine (DA) on serum immunoreactive 

growth hormone (ir GH) levels 1, 2, 6 and 24 
hours post-injection in female goldfish 
acclimated to-<h2 4 1°0C,and.a i2ig 2D laght— 

dark CY.GLey 4} usm srcckths earuarsves Cie tit: bea ee «6% 


Effects of two intraperitoneal injections of 
physiological saline (vehicle), somatostatin 
(SRIF), dihydroxyphenylalanine (L-DOPA) and 
2-(3,4 dihydroxybenzyl) 2 hydrazinopropionic 
acid (CARBIDOPA) given 12 hours apart on serum 
immunoreactive growth hormone (ir GH) levels in 
male goldfish acclimated to 24°C and a 16L:8D 


light-dark cycle (17 June, 1981) 3 ity ee ieS ae ee 


ad. 


Page 


(as) 


1S 


78 


2 


82 


83 


85 


ria’ ” 
= 
+ 
a : 7 : f 
\ i by a : Fit a= Sa 
, ' oy j 44) = 
—— — 
in : 7 
ag) i j a a = 7 = 
i‘ 
i ‘ana 
4 a ‘ ° = 
+ » 7 ¢ 
+ - & , t i \ 
- ms Late - 
x. 6 *) 
e =< 
Is ‘ Vo 5 r os a. ” 
Fr iak r iW ae) © in 
P 
i f . 4 Pf gts “ 
= . 
= ’ ¢ | j e | & 
‘ iu : j 7 4 
A rive =n ha 
~ i 
a 
F i= | a" A : 
at 
i | Ay S| 
* 
& 
i re 
, 
> & 7.1 Bi ‘ 


4 vi r¢ by * —f AGL SD z - 
i 
i : ~ ip of 
ih) 
' ; 
a = 
, tS ; 
i 
% - + 
= P <* rv 
| Lt iy Ioe8ge e.4 
2 Jel J 
i 
ig i 7 Pa | ~ | 
) ~ : 
~ s 
A Ej 2 4 369% caw Se Ts 
’ i 4 
’ ! ~~ 
ar x 


“3 Welteior uleoal o. aoircseul-teon eur 


ie E a = 
wenpehi ae eas f oaie W7°L.2 oi o8 Gebealiogn 
a ie ati Ss a : MLO" Ase 
—) ' 


Table 


Effects of lesioning the nucleus anterior 
tuberis (NAT) on body weight (BWt) and 
standard length (SL) increments in gold- 
Pic heen Mer! steered Sete Oh artmen Lewes, a+ 


Effects of lesioning the nucleus lateralis 
tuberis (NLT) on body weight (BWt) and 
standard length (SL) increments in goldfish 


Effects of lesioning the nucleus preopticus 
(NPO) on body weight (BWt) and standard 
VengEnecl weaneremeontsed mW GOLdrd Sli ge oct 215s 


Effects of bilateral lesioning of the 

nucleus recessus lateralis (NRL) on body 
weight (BWt) and standard length (SL) 
PAeKeMen ESO LET Sti i oe. we Ss es le eas 


Effects of lesions in the nucleus anterior 
tuberis (NAT), nucleus preopticus (NPO), 
nucleus lateralis tuberis (NLT) and bilateral 
lesions of the nucleus recessus lateralis 
(NRL) region on serum immunoreactive growth 
hormone (ir GH) levels in goldfish at 28 days 
(Oa tea e SLO 11 Ome er ema a Sirs gs Mista cbc). Taye. ve oot = 6 


Effects of lesioning the nucleus anterior 
tuberis (NAT) on body weight (BWt) and 
standard length (SL) increments in goldfish 


Effects of lesioning the nucleus preopticus 
periventricularis (NPP) on body weight (BWt) 
and standard length (SL) increments in gold- 
IETLSH GY J . s e se . . ° e se . e . e . se . e . e 


Effects of radiofrequency lesions in the 
nucleus anterior tuberis (NAT) and the nucleus 
preopticus periventricularis (NPP) on serum 
immunoreactive growth hormone (ir GH) levels 
in goldfish at 28 days post-lesioning Pilg 


Average of serum immunoreactive growth 
hormone (ir GH) levels obtained at 8 

separate times of the day in female goldfish 
held under different environmental regions 
and at different times o£ the year... . . 


Xiv 


Page 


108 


109 


110 


aig 


a2 


Lis 


115 


26 


140 


i 
Net 
’ 
sae. ‘ 
id 
; 
: 
a 
is 
if 


oe ENnt< 


ua Br s. 


Sean phatase? SVL ter my ta gaat 
 aLONE TE aA Hiawea'io evils 


_ 
7) ¢ 
j 
* F 
' 
: ‘ 
* 
‘ - 
4 * * 
’ 
IAan 
rey? 
< i 


pe 5 ~~ e 
* 
\ 
t+ 2g 
4 3G 


aro oin 


on nt 


oe + 


Table 


Page 
4:2. Serum immunoreactive growth hormone (ir GH) 
levels in two groups of male goldfish each 
sampled twice, 30 minutes apart, in either 

Ene morning: (GroumjA)@orgatternocons(Group B) ..... 146 


xV 


Mae 
q 
¥ - 
4 
i N ‘ 
al a *; ow? ‘ { ort as 696 -3.6 > 
, ; ’ wr mis - 
C ye) eek tlt er aa 
E en = 
; 1 ’ gone se Ow ir « el ——- i 
ae i @ — rs : 
, £ 
5 ' 4 ie): Sse Gmee - - 7 
» SF =" : : ~ y 
14 j re 7% { Se] pTLA LEN Mn 
“ A = 
= 
< e 
; : 
- ~ 
~ 
— a = 
- a a 
= 
; _ 
j 
: 
. 
, 
= 
- ~ 
- 
- a 
Pr 
7 =a 
7? 
2 
* = : 
~ 
. 
1 
: a‘ 
f 
< = 
re 
‘ 


Figure 


ree 


1.4. 


LIST OF FIGURES 


Representative radioimmunoassay dose-response 
inhibition curves for carp growth hormone, 
and serial dilutions of serum and crude 
pituitary extracts from carp and goldfish; 
dose-response inhibition curves for serial 
dilutions of serum from hypophysectomized 

Gee cletiwa POmel SOe CN OW web. hcl cles.) <i «esi ue os 


Dose-response inhibition curves for carp 
growth hormone, carp gonadotropin, goldfish 
prolactin, carp pituitary extract and bovine, 
Ovine and rat growth hormone and prolactin 


Dose response inhibition curves for serial 
dilutions of sera obtained from intact coho 
salmon, rainbow trout, tilapia, white sucker, 
goldfish and the common carp nf ee FA oe 


Elution profile of carp growth hormone and 
goldfish pituitary homogenate after 
separation on Concanavaline A-Sepharose 4-B; 
dose-response inhibition curve for serial 
dilutions of selected fractions are also 
Uae iW 11, Bl: sm Ry A eS a ee a 


Ultrastructural immunochemical localization 
of growth hormone in the goldfish pituitary 
gland using the peroxidase anti-peroxidase 
(Sel shah KS Eerey ES at ee ip eee ree 


Comparison of conventionally stained growth 
hormone cells of the goldfish pituitary 
gland with immunocytochemically stained 
adjacent sections including localization of 
peroxidase-anti-peroxidase complex molecules 
on growth hormone granules cid oma csp oa ce aes 


Gel filtration elution profiles for goldfish 
serum and radioiodinated carp growth hormone 


The effect of somatostatin, thyrotropin- 
releasing hormone and physiological saline 
on serum immunoreactive growth hormone 
LeVeLSp ine tialemGOmn sh ule He) le. Vaw oy tem elie. 


SCVAL 


Page 


22 


ou 


29 


32 


34 


36 


EM) 


65 


: 7 
: Be 
; = 
. 
75 
of a : : : 
‘- ( 
) od 
F eo ah r ; 
ee ‘ ; : 
4 > 
b ~ 
; oguess 
‘ _ wy > 
: sri rs i ua 4 - ——— 
oe , elo ke i 5ASE' f P 
“y i Mie! © Se i 
. « [ 
i, 5 . a4 ; : 
- "i a - 
Zs itv : = 
i Ze Ny Lae 8 7 
: S ai i3 rm 
ij 
cow i7 , a 
> r *~ 
t rs - é : = .f ee - 
f 
i ¥ 
: ; G - 
La ’ 3 « ? F 
: ™ 
a 
‘ Ca f —> ae 


4 ; 4 
‘ <, we 
4 ae 7 
sa i jiu. BS? wih q 
; J = A 
4 f 1 } aA a” : 
2 fe 
= -~ * ) i. Ede! : : 
: : end | 
= = 
as 
. : is 
ee = 
3 2 .: 
ytipe slo xe 4 
. , Re, 7 
ib = & 
2upunaitis 
e a 
i a '/ oe # ’ Ok 
7m ‘ 
. 3 ~ a n 
. » 
Ps : 4 ‘ ~ oh : , 
Ps coi fas ii pis SL . : ; Liaw ioe £ - 
4ok. at wl BOe Gils 5 wt} TAD Leas “J 7 =~ fj wee = 
{ : ¢ = « re must ) ghovie cit 
eg 29 ae, ie © = 68 6m) 4 ee, © A etoile : whan?! wo: ? 


aM Aa tony Pirie mhtese lit fen 


a butaneboleLbor foe mower 
7 4 — pe ys os Ds; 


y 


Changes in serum immunoreactive growth hormone 
levels in male goldfish before and after two 


MM SCE LON STOLE SOMatOStCatlli a ces meme Hw chis er 3.4.0 8 


The effect of three doses of somatostatin on 
serum immunoreactive growth hormone levels 
hea CuO MLC) Secs RE Mise ME cielo akle: se) Sout eins 


The effect of norepinephrine and physiological 
saline on serum immunoreactive growth hormone 
levels in female goldfish ee re cm ecta ts 


Diagrammatic representation of some possible 
mechanisms involved in the regulation of 
growth hormone secretion in the goldfish 
based on results of experiments done between 
Os ATCC eam ne ee Wemse- sera y's Neto. ons Mek os 


Regression of per cent increase over 

preoperative body weight on serum immuno- 

reactive growth hormone levels at four 
WEEKSEDOSt-ODEEACLVGumetas ss 160s Ss os 6) she 6) 6 is oo 6 


Representative cross-section through the 

forebrain of a sham-operated and nucleus 
preopticus periventricularis-lesioned goldfish 
AemeOule Weeks HOSt-OPeLabiVer tp. 's 6 4 bs & 6 es 


A diagram of a parasagittal section of the 
goldfish forebrain showing the common area 

of destruction caused by radiofrequency 
lesions located in the nucleus preopticus 
periventricularis MN cae See oh od ted Lwtets tote ahs 


Serum immunoreactive growth hormone levels 

from female goldfish, in February 1980, 

acclimated for 2 weeks to 12 + 19°C and an 

8L:16D light-dark cycle with lights on at 

08:00.ne and after acrurthersoed atycOn el Cue are 


Serum immunoreactive growth hormone levels 

from female goldfish, in April 1980, 

acclimated for 2 weeks to 12 + 19°C anda 

12L:12D light-dark cycle with lights on at 

OS: 00GhY mandy altermamcurtiers > .dsateoQet, 19°C wt . 


Salts 


Page 


67 


70 


81 


oF 


118 


120 


123 


139 


142 


os 7 
a FS ; 
es “4 
Teo Le ated 1 > ‘T i an} § = ——— u) 
. sae Te ti rwO.t awe 20Be Ak ie | 4k So ——_ , 
A s ieee eo 
- -— aha + 1s j [*#2 oe ve 7 
oWwy : > iit oe 3 +% S954" 4 : ) 
q wes 7 ar mip 
- ‘ <= ’ Lies " ‘a 
: "7 iy <= 
o = ness i rca 7 ylus oe ys 6% 42 . 
‘ saad - BA Sg! - al ae 
% - 
i ; wT Meoti- Ay lo yet DIDS ie | 2 
- 4 v - = 
r , Aca j 
if 33 6 pd? 2- « - 
: bam onl aeteaS ‘ib -= a a4 S = 
7 = 
= r it Ties 
r Gls ix La | sab ois ee = 
2 ie tae 3 i c i 2» ye 
4 i a 
a aa - 
» Ee ; & 70 os ; 7 & ts. - 
wr ‘ a } I Se E ‘ali a 
4 : — 
= = se: 
‘ t . se. “ cei *) bad 
: — 
aay “ek on Le to) 2eStG 7 
s a bef rie 
we 
. © 
7) f ‘ earned i © 2 = 
= > “) of - 4 
a] J ’ & * me mas 
ak ~ 2 = ise § oe Bh et Vs ins Se we “ 
wittdsogstecn|, Bea ) 
a 
; . ‘vl. 7 20% Y: 
~- 7 
- -_" 7 ” 
7 I Hier P34 is 
“ ; 
= 2 * 5 ‘ bie | sh ce 
x ‘ zi al” | > §S5% S94. vt a 
— 
i r= es ¢ 
: bn ae te 
— ee 1 fio eS « PGs Hae 2 5 2) (ose Pe es 
: 4 , = 
ma : > a ’ 
— ~ < i°« » PS ~ * a 
; Ps 
a : pe ro ne a nt | 7 
; e fe «as - 
& ie is ae ; . aps] iit eae a, ®SOLEGS. 
E¢ ne roreesz ee 
had . e.* 
, 7 


— efueeh anotcod daesye eyizuesietorta wie! = ee 
c WOME e365 16st, pa (eke rio tiene x5 
o : i463 ecesw Sac8 Deb enigdoos 
shi Asie: Siow, ayeb seer Gaisld 


Bd setaent > insist 


a 


Figure Page 


AS Serum immunoreactive growth hormone levels 
from female goldfish, in August 1980, 
acclimated for 2 weeks to 20 + 1°C and a 
16L:8D light-dark cycle, with lights on at 
Ce GO canta) meme Oe eee stare wf Us bie es uncial s) evs, ss < 3 be 145 


4.4. Serum immunoreactive growth hormone levels 
in male goldfish acclimated to 20 + 1°; 
each fish was blood sampled twice, 30 min 
apaGteiny erenem Lnesmorning: Ord aLcCenunoon. ie. - <a te .s cet on 148 


4.5. Serum immunoreactive growth hormone levels 
obtained from large female goldfish 
serially sampled at 20 min intervals from 


POMOC MEO mE Omi y meri ats PE het eae ss Gl estes te el eet os tS? 
4.6. Serum immunoreactive growth hormone levels 

of serial blood samples obtained from fish 

Dire Lips a csbeteh Mi CM SE a ee ee Be heel ooo sss necro) wee 154 


Sova 


" Sit! i * : 
¥p24 sey ts 
>? = F 
i 
; > ; 
~~ p . 
: a sero BTV zt vu I> inn AS - é - ‘ ‘ 
ms F< Wi yy By7Sasw p eet el (eee ee is 
° 2 < . 
,& ar JApel. ry tA gis b J eke = 
; ~ Ss ey i -_ 
5 . « « ° + 5 
. ,< - "A : Tete. nA wen iv ceric wes oi ba El >.> , 
ivsintiooa debisloy alsa 2 za 
ay 
> AY =, = 
7 f yt a. gan boric. 26 f tee : 
* ; Pr 4 + : 
. : P| a5 RAT gi842> {TE [He <, 
oh : 
c i 
7 = = 
evitres raat Guasd é.+ 
: su) athkine? Spt se ; ie 
’ 5 i” ; Be fics 7 Ss. yz 
4 y Aa _ 
“ ‘ . ia 7 
¢ . 
“fs ‘cance 
¢ » < > \ Pas al a 7 
: ~ Aa 
. > a ’ i , x Loa - 7 
5 P a e 4 gett 4 <e 
~ 


ts 


GENERAL INTRODUCTION 


The original studies of teleost growth hormone (GH) demonstrated 
that hypophysectomy results in a cessation of growth in Fundulus 
heteroelttus,and that resumption of growth could be induced by re- 
placement therapy with GH purified from Pollachtus virtens or 
Urophyets tentus pituitaries (Pickford and Thompson, 1948; Pickford, 
995ca,n, 1954, 1959; Pickford €t a/., 1959;"Wilhelmi, 1955). Addi- 
tional studies using the hyphophysectomized (hypox) male Ff’. 
hneteroelttus demonstrated the growth-promoting activity of fish and 
bovine GH (bGH), but. not of human or simian GH, in this teleost fish 
(Pickford et al., 1959), suggesting some species specificity in the 
action of GH. The original demonstration of a teleost GH (Pickford, 
1953a,b, 1954 ) has been confirmed and supported many times with 
physiological (for review: Donaldson et al., 1979) and histo- 
physiological studies (for review: Ball and Baker, 1969; Sage and 
Beri 10 fl) @ocireibmaner al. , 1973). 

More recently, Farmer et al. (1976) and Clarke et al. (1977) 
have described the purification and properties of a GH prepared from 
tilapia (Sarotherodon mossambtcus) pituitaries. Highly purified 
tilapia GH (tGH) behaved identically to various tetrapod GHs on 
Sephadex G-100, in the ultracentrifuge, and in disc gel electro- 
phoresis, but was active only at very high doses in the rat tibia test 
(Farmer @r @t., I976). Clarke eo al. (1977) demonstrated. that tGH 
promoted increases in both weight and length in intact tilapia and 


sockeye salmon. Although unable to demonstrate a GH dose-response 
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relationship, Clarke et al. (1977) concluded that bGH and tGH were 
approximately equipotent in the tilapia and sockeye salmon, and that 
the minimum effective dose of bGH and tGH to enhance somatic growth 

in sockeye salmon was about 0.30 to 0.40 ug GH/g body weight (BWt). 
Farmer et al. (1976) also developed a radioimmunoassay (RIA) for tGH 
and demonstrated that tilapia prolactin (tPRL) did not exhibit signi- 
ficant cross-reactivity. A significant cross-reaction was observed 
with pituitary extract from the perch, although the displacement curve 
was not parallel with the tGH standard, indicating GH immunochemical 
differences between these teleosts (Farmer et al., 1976). The tGH RIA 
has not yet been used to quantify serum or pituitary GH levels in 
fishes. : 

As part of a continuing investigation of the isolation of salmon 
hormones, Idler et al. (1978), Komourdjian and Idler (1977, 1979) and 
Komourdjian et al. (1978) characterized the biochemical, immunological 
and biological properties of a salmon GH (oGH) prepared from chum 
salmon (Oncorhynchus keta) pituitaries. The oGH, purified by a pro- 
cedure similar to that employed by Farmer et al. (1976), was found to 
stimulate linear growth in hypox rainbow trout (Komourdjian and Idler, 
1979). Unfortunately, Komourdjian and Idler (1979) did not indicate 
the weight-specific dose of oGH used in their study. Furthermore, 
while these authors suggested that oGH was about two magnitudes more 
active than the porcine GH used as a reference in their studies, the 
experimental protocol used for their bioassay prevents definitive 
assessment of the biological activity of these GHs. It is relevant 


to note that two additional fractions from the oGH purification also 
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had significant growth-promoting activity (also see below) and that 
salmon PRL (Idler et al., 1978) was devoid of somatotropic activity 
(Komourdjian and Idler, 1979). Using an immunocytological technique, 
a rabbit antiserum generated against oGH was specifically localized to 
only the presumptive GH cells of salmon pituitaries (Komourdjian and 
Idler, 1979), suggesting antigenic differences between the salmon GH 
and PRL similar to that of the tilapia protein hormones (Farmer et al., 
1976). However, the significance of immunoreactive material in sever- 
al growth-promoting side fractions from the oGH purification was not 
determined (Komourdjian and Idler, unpublished, cited in Komourdjian 
and Idler, 1979). There have been no published accounts of serum or 
pituitary GH measurements in fishes, using the oGH and anti-oGH sera 
developed by Idler et al. (1978) and Komourdjian and Idler (1979). 
Another salmon (Oncorhynchus tshawytscha) GH fraction (oncGH) 
had approximately 10% of the activity of bGH when bioassayed for its 
ability to stimulate growth in intact coho salmon (Higgs et al., 1978). 
However, Since ion-exchange or gel filtration chromatography were not 
included in the purification procedure (see Donaldson et al., 1979) it 
is likely that oncGH is not as pure as other teleost GH preparations. 
Further studies are required to evaluate the biochemical and immuno- 
logical properties of this GH preparation. Farmer et al. (1981) 
recently demonstrated that a highly purified GH, isolated from 
pituitaries of the sturgeon (Actpenser guldenstadtt), had significant 
potency in the rat tibia test. Although biochemical data suggest that 
the sturgeon GH (sGH) is similar to the other teleost and tetrapod GHs 


(Farmer et al., 1981), it was not determined if sGH could stimulate 
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growth in the sturgeon or other fishes. 

The general paucity of information on the physiology of GH in 
teleosts is due, in part, to the lack of a simple and sensitive vali- 
dated assay system. Measurements of teleost pituitary GH were attempted 
in the early studies of Swift and Pickford (1962a,b, 1965) in which 
hypox Fundulus were used to bioassay perch pituitary samples collected 
at various times of the year. It is likely that the lack of sensitivity 
and difficulty in evaluating the specificity of this, and other teleost 
GH bioassays, in addition to the length of time required to complete 
the assay (see Kayes, 1979), tend to preclude their routine application 
in the measurement of teleost pituitary and serum GH measurements. A 
number of studies have utilized densitometry to estimate GH concentra- 
tions following polyacrylamide gel electrophoresis (PAGE) separation of 
eel, guppy and trout pituitary homogenates or culture media (Baker and 
inqtecon, 1973" 1975;"Ingleton emal. = 19733" Wigham etal), 197554 Hall 
and Chadwick, 1978, 1979). The specificity of this assay system is 
supported only by the finding that antisera made against the two pre- 
sumed GH bands after PAGE is localized to the acidophil cells of the 
eel proximal pars distalis (PPD) (Ingleton and Stribley, 1975); there 
is no evidence, however, demonstrating the growth-promoting activity of 
the 'GH' bands. In addition, a heterologous RIA employing radioiodina- 
ted ovine GH and antibody to ovine GH was used to estimate the relative 
amounts of cross-reacting antigen from serum or plasma samples of sock- 
eye, kokanee and coho salmon (McKeown and van Overbeeke, 1972; 


Leatherland et al., 1974; McKeown et al., 1976) and goldfish 
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(Peter et al., 1976; Peter and McKeown, unpublished results). Although 
these authors demonstrated parallelism between dilutions of fish plasma 
and pituitary extract, and showed that serum from hypox goldfish had 

no cross-reactivity in this heterologous RIA (McKeown, personal 
communication), no indications of assay precision or hormone specifi- 
city were provided. These and other limitations prevent the 
identification of the substance(s) measured by the heterologous RIA 

as a fish GH (see Nicoll, 1975). Fryer (1979) used tGH and tilapia 
liver membrane fractions in a radioreceptor assay (RRA) for tGH. 

While a variety of vertebrate GH and PRL preparations caused apprecia- 
ble displacement of radiolabeled tGH from the liver membrane fraction, 
their displacement curves were not parallel with the purified tGH and 
were evident only at high concentrations (Fryer, 1979). The tGH RRA 
(Fryer, 1979) has been used to demonstrate that somatostatin (SRIF) 

can inhibit the release of GH from the pituitary glands of tilapia 
(Pryer et al.,-1979)~ It is likely, however, that the relatively 
small amount of specific binding (5 to 10%) of tGH in the RRA 

(Fryer, 1979) precludes the use of this assay for serum GH measure- 
ments. 

The purpose of the present study was to develop a GH RIA, using a 
purified carp GH (cGH) and an antibody to cGH, suitable for the 
measurement of circulating GH levels in the carp and goldfish. Due to 
the nature of RIA, emphasis will be placed on validation of the GH RIA 
using the methods enumerated by Nicoll (1975). Thorough validation of 
the cGH RIA, including quantification of precision, sensitivity 


and specificity,are of the utmost importance. Physiological studies 
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involving the application of the cGH RIA to the measurement of serum 
immunoreactive GH (ir GH) levels in the goldfish will be designed to 
both supplement the standard methods of RIA validation and to provide 
original information regarding circulating GH levels in a teleost, 
using a validated technique. The development and validation of the 
cGH RIA and the effects of SRIF and monoamines on serum ir GH levels 
in the goldfish are presented in Chapters 1 and 2, respectively. 
Chapters 3 and 4 describe investigations of the hypothalamic control 
of GH secretion, and studies on seasonal and daily variations of 


serum ir GH levels, respectively. 
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Chapter 1. DEVELOPMENT AND VALIDATION OF A CARP GROWTH HORMONE 
RADIOIMMUNOASSAY 


INTRODUCTION 


While a large number of studies have concerned the endocrine 
Gonerol of growth in fishes (fer review: Donaldson ev al., 1979), 
few studies contribute directly to our understanding of the regulation 
of secretion of GH and the changes in blood levels of GH in teleosts. 
The factors responsible for this limited progress include a scarcity 
of fish GH preparations and the lack of an assay suitable for the 
measurement of serum or pituitary GH levels. Although biochemical, 
immunological and biological studies have been done on GH preparations 
from tilapia, Sarotherodon mossambtcus (Farmer et al., 1976; Clarke 
CimaQia,, 1977; Fryer €t @l., 1979; Fryer, 1979), chum salmon, 
Oneorhyneus keta (Idler et al., 1978; Komourdjian and Idler, 1979) and 
sturgeon, Actpenser guldenstadtt pituitaries (Farmer et al., 1981), a 
fully validated RIA for application in physiological studies has not 
been developed using these GH preparations. Serum measurements have 
been made from both salmon and goldfish samples using a heterologous 
RIA (McKeown and van Overbeeke, 1972; Peter et al., 1976; Peter and 
McKeown, unpublished results). However, without rigorous assay 
Validation (HOG LeViLews aNd COMM LOW)» a che sSuloSitance (s)mmeasured adm 
the heterologous RIA remain unidentified. Recently, Fryer et al. 
(1979) demonstrated the suitability of a RRA for the measurement of 
GH released into the medium from tilapia pituitaries cultured im vitro. 


However, for technical reasons this RRA is not suitable for measurement 
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of serum or plasma levels of GH. To date there have not been any 
published accounts of measurements of serum or plasma GH levels in 
teleosts. 

The present chapter describes the biological and immunological 
properties of a GH prepared from carp (Cyprinus carpto) pituitaries 
by Dr. S.W. Farmer (Hormone Research Laboratory, University of 
California, San Francisco). Data provided by Dr. Farmer concerning 
the method of purification and biochemical properties of the cGH 
are included in APPENDIX I. In addition, the cGH was used to develop 
a RIA suitable for the measurement of both serum and pituitary GH 
levels in carp and goldfish, Carasstus auratus. An important 
objective of the present study was to demonstrate that the cGH RIA 
provides sensitive and reproducible measurements of endogenous GH 
concentrations free from interference by other hormonal and non- 


hormonal substances. 
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MATERIALS AND METHODS 


Es Todination of Carp Growth Hormone 

The cGH, purified as outlined in APPENDIX I, was iodinated using 
a modification of the method of Thorell and Johansson (1971). One mCi 
Naor (Edmonton Radiopharmaceutical Centre, Edmonton, Alberta) in 50 
pl of 0.5 M phosphate buffer (pH 7.4), 27 yg lactoperoxidase (45.7 
IU/mg, Calbiochem-Behring Corp., La Jolla, CA) in 10 yl of 0.05 M 
phosphate buffer and 10 yl of 0.003% HO. were added to 5 ug of cGH 
in 5 yl of 0.05 M phosphate buffer and incubated at room temperature 
for 5 min with constant agitation. Two additional 10 yl aliquots of 
0.003% HAO, were added at 5 min intervals, and the reaction was ter- 
mMinated after 15 min by dilution with 500 ul of 0.05 M phosphate buffer. 

Unreacted iodide and damaged proteinswere separated from intact 
pte ccH by gel filtration on a Sephadex G-50 (Fine) column (1.1 X 10 
cm). The iodination mixture was eluted with 0.08 M barbital buffer 
(pH 8.6) and 1 ml fractions were collected. The specific activity of 


the er varied between 110 and 175 uCi/ug. The ai efor was stable 


for about 1 week when stored at hye The MUSCLE UllsEPemOsetehae ee aaa 


for RIA tracer was extended beyond this period by rechromatography of 


undiluted OT nee on Sephadex G-100 (1.1 X 10 cm). 


II. Radioimmunoassay Procedure 
RIA was performed using a double antibody method under 
disequilibrium conditions. All dilutions were made with 0.08 M sodium 


barbital buffer, pH 8.6, containing 0.5% bovine serum albumin (BSA). 
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Glass tubes (12 x 75 mm) were used for incubation. Twenty-five ul of 
sample or standard cGH were added to 100 ul of rabbit anti-cGH serum 
(see APPENDIX I; 1:6000 initial dilution) containing 2.5% normal 
rabbit serum (NRS). After 24 hr incubation at 5°C, 100 ul of ca andere 
CISEOR Le x 10° cpm) was added to each tube and incubation continued 
for 24 hr at 59°C. Precipitation of the antibody-bound hormone was 
enrected by vaddition, or 200 vl of a 1:20 initial dilution of goat 
anti-rabbit gamma-globulin (GARGG; Antibodies Inc., Davis, CA, Ue Sia Are) 
and incubation overnight at 5°C. The tubes were then centrifuged for 
30 min at 2000 rpm, and the supernatant decanted by inversion and 
gentle blotting on absorbent cotton. The bound fraction was then 
counted in an automatic gamma scintillation counter (Model MS 588, 
Micromedic Systems Inc. Ltd., Horsham, PA). All values obtained were 
corrected for nonspecific binding of the labeled hormone to the 
immunoprecipitate in which excess unlabeled hormone was substituted 
for the sample or standard. RIA results were analyzed using a 


weighted regression of a log-logit plot of bound ean bound 


ereccH in the absence of unlabeled cGH (B/Bo), (Midgley et al., 
1969), after correction for nonspecific binding as outlined above. 

All samples and standards were assayed in duplicate. For statistical 
comparison of slopes of RIA inhibition curves from serial dilutions of 
serum or hormones with that of the cGH standard, the Student's t-test 
(2-tailed) was used. RIA inhibition curves with 4 or more dupli- 


cate values between 20 and 80% B/Bo were used for statistical testing 


of parallelism, when possible. 
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IIIT. Molecular Heterogeneity of Immunoreactive Growth Hormone in 
Goldfish Serum and Pituitary Homogenate 


The heterogeneity of circulating GH was studied by gel filtration 
on Sephadex G-100 (Fine) of several pooled serum samples which were 
either untreated, treated with NRS, or immunoadsorbed with rabbit 
anti-cGH serum. Immunoadsorbtion was performed by incubating 50 ul of 
gGoldticheserum with 100, nlot rabbit anti-cGH serum for 24 hr at 5°C. 
A control procedure was carried out in an identical manner in which 
the rabbit anti-cGH serum was substituted with NRS. Separation of 
antibody-bound hormone was accomplished by incubation for 24 hr at 5°C 
with a 1:5 dilution of GARGG, followed by centrifugation as described 
for the RIA. The supernatants were pooled to constitute a volume of 
500s prior to gel filtration. Two ml of untreated serum or 0.5 ml 
of supernatant from the treated sera (see above) were applied to a 
1.1 x 10 cm column of Sephadex G-100 and eluted with 0.08 M barbital 

25 


butter, pH 7.6. Dextran blue, 1p vet a\e! 1251 GH were added to the 


plasma as markers; 1 ml fractions of eluate were collected and 


assayed for ir GH. Goldfish pituitary homogenates were chromatographed 


on Concanavaline A-Sepharose 4-B and the eluate collected in 1 ml 
fractions for RIA, to assess the amount and nature of the pituitary 
material(s) cross-reacting in the cGH RIA. Details of the 
Concanavaline A separation have been described previously (Cook and 


Peter, 1980). 


IV. Source of Hormones and Fish Serum 
The mammalian hormones used in the specificity testing of the 


cGH RIA and in the GH bioassay were supplied by the National Institute 


1% 


ye 


e- 


a tle 


BRC 


a 


b ES Fs | rae f 


rj 
— - 
yaweion Y 
i 
t i 
‘ 
if 24 ra 
~¥¢5 une 
Sew TOs 
a ; 
& 
‘ 
r 
¥ 
i 
‘ 
tee 
a, 
i S t 
a 
{ 
4 
A rm - 
é Ld 
+ oi «| 
spies: ortiz 


ons 


Ph 


7 


A 


4 ? 
; { 
SRL. BOS sad 


7 
7 iy - en 7 
: ’ Ff P) a 
; * 
Pid as 
! i 
j ; . 
shepercaedss dello aihee rte ae 
, = < 
Pfs 5 f z Liat ar.) a 
i 7 ss 
y Re “ rv EM Lac fale —_— “-. 
zm mane ay 
; 
a Y) (aL 5t4.nge6 ae 7 
2 7 
' 
, 4 * iso7rane zedire >. 
7 
fa boris I e Op-agee 
1, Fal ri Puy s 14 my +bAcy ie, ; 
bre wy Srupeso ve boahaeg e 7 
: ‘i : 
. 3 -jiuk Jt bddet see 
: 7 
») 7 
2 auee >nwed- wheal 
Wo a Ve 
ney Lib 274 itiw og 
¥ * _~ 
i afls 20% % ity 
_— SS 
, ‘ ‘ 2‘. ie Cad { M ood if ” 
F id wok? Jteeternegve Tatam 
) 7 a. u of x Let be 
+ 
: aa 
: ; ay 
* I ae ar 123300 = 
= 
ty ia ‘pwaien ef seealg =e 
£ J AL sk 763 teense 
. Ae a” 
os ie HE & OF ie eirere m = 
<: Ua 
siecwed os .ATe168 ses RR, 


ti. todiieat-eweto (¢) alae 


re 
; ay 


of Arthritis and Metabolic Disease, National Institute of Health 
(Bethesda, MD, U.S.A.). The carp gonadotropin (GTH) and goldfish 
PRL were generously provided by Drs. B. Breton (Laboratoire de 
Physiologie des Poissons, Institut National de la Recherche 
Agronomique, Campus de Beaulieu, Rennes, France) and V. de Vlaming 
(University of California, Davis, CA, U.S.A.), respectively. Sera 
from coho salmon (Oncorhynchus ktsutch) and from common carp 
(Cyprtnus carpto) were generously supplied by Drs. E.M. Donaldson 
(Fisheries and Marine Service, West Vancouver, B.C., Canada) and 

K. Berniarz (Akademia Rolnicaz, Krakow, Poland), respectively. Sera 
from other teleost species were obtained from fish maintained at the 


Department of Zoology, University of Alberta, Edmonton, Canada. 


V. Bioassay of Carp Growth Hormone 

Goldfish, Carasstus auratus, of the common or comet varieties 
were purchased from Grassyfork Fisheries Ltd., Martinsville, Indiana. 
All fish were maintained for at least 2 weeks in 1500 2 flow-through 
aquaria under a simulated natural photoperiod (Edmonton, Alberta, 
Canada) prior to use in the bioassay. During this period the water 
temperature was 15 + 1°C and the fish were fed a commercial trout chow 
(Ewos) twice per day. At the beginning of the experimental period, the 
fish were anaesthetized with 2-phenoxyethanol (Syndel Laboratories, 
Vancouver, B.C., Canada), and tagged on the operculum with size l 
Monel tags (National Band and Tag Co., Newport, KY, U.S.A.). The 
fish were each weighed to the nearest decigram (initial BWt = 12.55 + 


0.46 g, x + SE) immediately after tagging and at 6 d intervals through- 
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out the experimental period, commencing 10 d after the initial 
weighing. All weight measurements were made, after gentle blotting on 
absorbent towelling, between 08:00 and 09:00 hr, prior to the first 
feeding of the day, to reduce the contribution to variability in 
weight Of Surface and stomach contents, respectively. Preliminary 
experiments indicated that changes in BWt were more responsive to 
hormone therapy than length increments over the relatively short 
duration of hormone therapy (A.F. Cook, unpublished results). During 
the experimental period all fish were maintained in a 296 2% flow- 
through aquarium under a 16L:8D light-dark cycle (lights on at 08:00 
hr) at 15 + 19°C. Feeding was by an automatic feeder adjusted to 
deliver approximately 6 g Ewos (size 5P) pellets over 3.5 min, at 

5 separate times during each photophase. Tanks were cleaned daily 

at 08:00 hr throughout the experiment. 

The vehicle for hormone injections and as a control injection was 
teleost saline (Burnstock, 1958) supplemented with 250 U of penicillin- 
Ge (sigma, ot. Lous, MO, U.S.A.) per ml, final-solution adjusted to 
pH 9.5 with NaOH. All injections were made intraperitoneally (ip) 
with a 250 wl Hamilton syringe fitted with a 27 gauge needle. Each 
fish received 4 injections of vehicle at 3 d intervals, beginning 
with the first weighing after tagging. After the pretreatment control 
period, the fish were randomly distributed among 5 groups to receive a 
total of 6 injections at 3 d intervals of either vehicle, bGH 
(0257721. 75> (Oso (CBWE) Or eGH let 7 Co. BW): A post-hormone ther- 
apy control period consisted of a further 4 injections of vehicle to 


all fish, again at 3 d intervals; injection volumes were 5 ul/g Bwt. 
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Instantaneous relative growth rates were calculated according to the 


: (Wee wW ) eX LOO 
equation a ie 


where W_ and W, represent total BWt at 
(w) (T= ¢) 3 : 

AE 
times T and t, respectively (Ricker, 1979). After normalization of 
growth rates using a logarithmic transformation, results were analyzed 
by analysis of variance and Duncan's multiple range test (Steel and 
Torrie, 1960) and either the Student's t-test or, when variances were 
non-homogenous, the U-test (Steel and Torrie, 1960). At the end of 
the experiment all fish were killed with excess anaesthetic and the 
gonosomatic index (GSI) was calculated according to Cook and Peter 


(1980); the fish were then dried to a constant weight at 110°C for 


determination of per cent moisture. 


VI. Immunohistochemistry 

Goldfish were killed in excess anaesthetic, and the pituitaries 
were quickly removed and placed in fixative consisting of 6.25% 
glutaraldehyde in phosphate buffer (pH 7.4). The pars distalis (PD) 
was separated from the neurointermediate lobe before being cut into 
Pieces approximately l ate in size. The PD fragments were fixed for 
20 min before washing with phosphate buffer for 30 min; post-fixation 
for 45 min was in 1% Os0, in barbital buffer (pH 7.4). After washing, 
tissues were dehydrated in increasing concentrations of ethanol, and 
embedded in Epon 812 or LX 812. Sections were cut on glass knives 
and mounted on uncoated copper or nickel grids. The sections on 
copper grids were stained with uranyl acetate and lead citrate accord- 


ing to Reynolds (1963), whereas the sections on nickel grids were 


stained with the immunohistochemical procedure (see below). In some 
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cases, matching serial sections were cut onto copper and nickel grids 
in order to correlate the general ultrastructural appearance with 
antigen localization of the same cell. For immunohistochemistry, a 
modification of the procedure of Sternberger et al. (1970) and 
Moriarty (1973) was employed. Prior to staining, grids were etched 

in 10% aqueous H,0, for 10 min and then rinsed in double distilled 
deionized water (DDD). Grids were then placed in a 1:30 dilution of 
normal goat serum (NGS) for 5 min, for control of non-specific ad- 
sorption of proteins on the tissue sections, and then incubated for 

6 hr at 37°C in a 1:6000 dilution of rabbit anti-cGH serum. The 

grids were then placed in a solution of GARGG diluted 1:5 (see RIA 
procedure) for 10 min. Lyophilized peroxidase-anti-peroxidase complex 
(PAP) (Bionetics Laboratory Products, Kensington, MD, U.S.A.) was 
diluted 1:10 and stored at 6°C for not more than 5 d prior to use. 
After 10 min in the PAP solution and after staining in each of the 
above solutions, grids were rinsed in Tris-phosphate-buffered saline 
Or U5eMalcis, sO ,O0LeM phosphate, O-0L5> M NaCl; 7 pH 7.6) (Tris-PBS) 
containing 1% NGS. The peroxidase was then allowed to react with the 
substrates 3, 3'-diaminobenzidine (DAB) (Sigma) and HO, for 10, min 
with gentle stirring. The DAB solution was made immediately prior to 
use by mixing 22 mg DAB with 175 ml Tris-PBS and 1.5 ml 0.3% H0.. 
After a final DDD wash for 30 min, sections were stained with 23 

Os0, for 30 min. Tris-PBS was used as the diluent for all of the 
reagents used in the immunocytochemical procedure. All solutions with 
the exception of H,0,% PAP and OsO0, were filtered (0.22 u pore, 
Millipore Corp., MA, U.S.A.) prior to use. Examination of the tissues 


was done with a Philips 301 electron microscope. 


: = 1.5 I] 7 
7 > ; , » © 
Z , aA _ a 
at - i : 
“ : a an 1 
\ 7 ba ja 
— Sar 
bi v2 a . 
ae i 
° : : j see “4 7 
. P ‘ _ a) a 4914 Lon inrieae «& sith Fay (Beans _ ey 
=, "% { . Bye Teatro es | ‘ ial er os is : Ps “9 nk 
? ' ‘ : ” c H 
2 ponraian * ahld f is 
Cautie hacen ars ~eeis tion og hao we es! 
j c Fs { A ida Ae a peer — A 
i ; * me * a ; 
‘ <5 a j iat 
{ tic ro “a [5 + py Re a im tole Loe THe t see oe 
 . ’ rai? J Owe ' ys }¢ «uh - | er ; r = e 
; 
4 & mp ce Bye - J ! Loe 213 Ebeom > 
c " ‘ : 
' ~ 
x i , it 
acts ft ‘7 tol 508 a 
7 — 
t ‘ =» de ¥ - 
| | - ij wit bile aim OF sot 0h 2booipe ae a 
ois = , 


ae ‘ : 5 : ry at eae * cri tw Ses fnetesy ‘ 7 


= 2 i : ; rae) [/ 293 PELL 1 £OPtOR 


F : oe Poe (jason $ as 27a twos 


a a 
‘ ? ; : & ‘ ivi bate Lhe : 
* ‘ . 7 > = 3 
1% 4 scene gia sett Ga 
; ni ber . Boa 2 Sap ,8ebiev.ee aveds ~~ ‘ 
ee 4 te “ * = a 
| q 
“ » 10,0 ,e@actga > a Oh OS ~pia’ & BR VOF & a 
y f : ; | : 7 
Sa3 oF iJ rts SLOT HOLE ~ oo #1 paketadnes 
ee nie Iss . ; : is ; : 
j in ee set “ S tne favece) 5 died wT LUO es 4 eaee ahaa ) 
_ - a 


= % i ‘ " —— -_") a i 
e: Biter isbenmk abuetms aH sia i auiee GAG, ae? gat rede sitnep A2iwe 

A = ao a an ee at ¥ 
y yes , 


be bk a an Guest si 4d oo oe ; iat vel oR 
aay eae 5: a: apenas 


+ 


‘2 


eo 


16 


The specificity of the stain was tested by substitution of the 
following solutions for the primary antiserum (rabbit anti-cGH serum) 
in the staining procedure: (1) a 1:6000 dilution of antiserum 
adsorbed for 24 hr at 20°C with either cGH or goldfish PRL (28.6 ug/ml) 
OmN(2) em NRo diluted 1:6000.) Asmmethod controls, Tris-PBS was, in 
Separate experiments, substituted for the GARGG and the PAP in the 


staining procedure. 


VII. Administration of Antisera to Carp Growth Hormone and Effects on 
Growth Rates in Goldfish 


Prior to beginning the experiment, 20 female goldfish (initial 
BWt = 7.25 + 0.21 g, X + SE) were acclimated for 10 d in two 60 2 
standing-water aquaria (10 fish per tank) maintained at 21 + 19°C under 
aplol: Spi dight—dark cycle (laghts on at 08:00° hr)2°* Each aquarium was 
equipped with 2 charcoal and glass-wool corner filters and gravel 
bottom filters and filled with aerated dechlorinated water containing 
0.2% NaCl. The saline in each aquarium was changed twice a week 
prior to each set of injections (see below). The fish were fed 
powdered Ewos trout chow at the rate of about 4% of BWt per day. 
Weight-specific feeding was based on the total BWt of all fish in each 
aquarium determined from the most recent (not greater than 7 d) weigh- 
ing. The daily ration was divided among 7 to 9 separate feedings 
between 08:00 and 18:00 hr and feeding was withheld for 36 hr prior to 
weighing. Fish were weighed to the nearest decigram, after gentle 
blotting on absorbent towelling, at weekly intervals throughout the 
experiment. The type and method of anaesthesia used prior to weighing 


and injections is the same as for the cGH bioassay (see above). 
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Instantaneous relative growth rates were calculated as: 


BWt - BWt ; 
n n-l xX 100 where Ewe 1s the BWt at week n and represents 


he 

the relative per cent increase per week. 

After the acclimation period, all fish were injected twice weekly 
(50 pl per intraperitoneal injection) with undiluted NRS for a 2 week 
control pretreatment period. Fish which failed to grow by more than 
8% per week (N=4) during the pretreatment period were not included in 
the remainder of the experiment, but were left in the experimental 
aquaria. During the subsequent 2 week treatment period, 4 fish 
received twice weekly injections of undiluted rabbit anti-cGH serum 
(50 ul per injection) and the remaining fish continued to receive NRS 
injections as in the pretreatment period. Four fish from the NRS 
group died during the treatment period of the experiment. At the end 
of the experiment, the fish were killed and the GSI determined as for 
the cGH bioassay. 

Growth rates were analyzed using either the Student's paired 
t-test or unpaired t-test for groups with dissimilar variances 


(Steel and Torrie, 1960). All confidence levels reported in Table 1.4 


are 2-tailed. 
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RESULTS 


Injections of both cGH and bGH enhanced the growth rate of female 
goldfish after only 2 injections of a dose of 1 ug GH per g BWt 
(Table 1.1). During the initial treatment period (days 20 to 26), 
hormone-injected fish gained weight at a significantly greater rate 
(p < 0.05) compared to their treatment vehicle injection periods, and 
compared to the simultaneous vehicle-injected fish. In addition, 
growth rates were significantly elevated (p < 0.05) in the cGH- 
injected and 0.5 ug/g bGH-injected groups during days 26 to 32 of 
hormone therapy in comparison with their respective pretreatment 
periods, and compared to the simultaneous vehicle-injected group 
(Table 1.1). Although goldfish injected with all 3 doses of bGH 
gained weight at a significantly greater rate than the control groups 
during days 20 to 26 of the experiment, there was no evidence for a 
dose-response effect during this period or during days 26 to 38 of 
hormone therapy. The growth rates of all the groups of fish injected 
with GH decreased with increasing time of hormone therapy; there were 
no significant differences in the growth rates of any of the GH- 
treated fish and vehicle control fish during days 32 to 38. Towards 
the end of the experiment and especially during the post-treatment 
period (about day 36) the weight changes of many of the experimental 
fish were highly variable, which is reflected by the negative growth 
rates and large errors shown in Table 1.1. Six fish died during the 
experiment; 2 in the control group and 3 and 1 in the 1.0 and 5.0 ug/g 


bGH groups, respectively. At the end of the experiment there were no 
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Significant differences between any of the groups in the per cent 
moisture content of the carcasses (Table 1.1). 

Fig. 1.1 presents a typical RIA dose-response curve for cGH and 
serial dilutions of serum from both intact goldfish and carp, hypox 
goldfish, and pituitary homogenates from goldfish and carp. Displace- 
ment of antiserum-bound radioiodinated cGH by serial dilutions of 
intact fish serum and the carp pituitary homogenate were parallel to 
the cGH standard, while the goldfish pituitary homogenate was not 
(see MATERIALS AND METHODS for statistical testing of RIA inhibition 
curves). Serial dilutions of individual serum samples from 10 to 12 
hypox goldfish caused a displacement which was not significantly 
different (p > 0.01) from the zero dose response, and was therefore 
considered not to react in the RIA. 

The mean slope, intercept, and correlation coefficient (X + SE), 
calculated from a weighted regression of the log-logit specific, 
relative binding (Midgley et al., 1969) for 10 separate cGH RIAs con- 
auctedsover a> year period, were —2.419F 0.12, 4.1/7 + 0.22 and 
0.97 + 0.01, respectively. The midrange of the RIA calculated as 
the amount of cGH standard that will bind 50% of the zero-hormone 
Standard (Skelley @t al., 1973) was 54.04 + 3.69 ng cGH per mil. 

Under the conditions used in the present study, the RIA sensitivity, 
defined as the smallest amount of antigen distinguished with a 99% 
probability from the zero dose level (Reuter et al., 1978), was 

125 pg per assay tube or 5 ng per ml serum. Within-assay (Table 1.2) 
and between-assay (Table 1.3) reproducibility were within acceptable 


limits; the coefficient of variation for 4 samples assayed four or 
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nae pS A Sls Representative radioimmunoassay (RIA) dose- 
response inhibition curves for carp growth hormone 
(GH), and serial dilutions of serum and crude 
pituitary extracts from carp and goldfish. RIA 
data for serial dilutions of serum obtained from 
hypophysectomized (hypox) goldfish are mean 
values of 10 to 12 fish and the vertical bars 
represent the standard error; all other points 
represent the means of duplicate determinations. 
The shaded area is the portion of the RIA curve 
that is not significantly different from the 


zero dose level (see MATERIALS AND METHODS). 
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TABLE «1.2 


Tests of 'within-assay' reproducibility with the carp growth hormone 
radioimmunoassay on serum immunoreactive growth hormone (ir GH) 
measurements in goldfish. 


Sample A B c D 

(ng=ir’ GH 

per ml serum) 
BR oA 2 43.60 12.66 Byah  IkaL 
GA] 42524 12.48 Bees 
28.79 AD 27 eo 22 34.79 
25.86 42.76 LOe29 33.80 
ed S925 eS OS 32502 
-<-- ANS, 5) 9/ Ova t 34.44 
aan AAT od mee --- 

Number 4 7 6 6 

Mean 

(ng/ml) 26.74 43.28 ILL SS 34.40 

Standard 

deviation 

(ng/ml) iL, Be 2.46 ab aS) 1.69 

Coefficient 


of variation 
(3) DLO 4.99 10.05 4.91 
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TABLE 1.3 


Tests of 'between-assay' reproducibility with the carp growth hormone 
radioimmunoassay on serum immunoreactive growth hormone (ir GH) 
measurements in goldfish. 


Sample AR BB cc DD 
(ng ir-cGH 
per ml 
serum) 
Assay 1 17/5 BO 23505 Bool ILD (exe! 
Pe 1) O27 eS OW, PXS\ <5 sy/4l 16.00 
3 BO 5 Y2 DOT 33.69 14.16 
4 Dowae2 D2 OS A SOT 15.39 
Number 4 4 4 4 
Mean 
(ng/ml) 2OrS6 20.90 30.98 TAR 5 6 
Standard 
deviation 
(ng/ml) 2.64 3.95 See dh BY) 
Coefficient 


of variation 
(3) Ze Oy, 18.90 LOS36 0.95 
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more times in a single assay or in four or more separate assays were 
6.28 £71. 26% and 13.04 + 2.06%, respectively. 

The specificity of the cGH RIA was determined using a number of 
independent procedures. Fig. 1.2 illustrates that carp GTH and 
goldfish PRL do not significantly interfere in the cGH RIA, Although 
the slope of the inhibition curve for serial dilutions of goldfish 
PRL is not significantly different from that of the cGH standard 
(p > 0.05), goldfish PRL has only limited immunological potency in the 
cGH RIA, consisting of about 1% cross-reactivity. The slope of the 
inhibition curve by serial dilutions of carp GTH is significantly 
different compared to that of the cGH standard over the range of 
doses tested and constitutes only 5 to 8% displacement beyond the 1li- 
mit of sensitivity of this RIA (see Fig. 1.2 where limit of sensitivity 
is B/Bo = 95%). Furthermore, a second carp GTH preparation (Dr. B. 
Breton, Rennes, France) caused even less displacement of labeled cGH 
in the RIA, also in a markedly non-parallel manner (data not shown). 
None of the mammalian GH or PRL preparations cross-reacted in the cGH 
Bias (Pig. ol. 2).. 

Fig. 1.3 illustrates the displacement curves for serum samples 
from a variety of teleost species. Serial dilutions of serum samples 
from the three Cypriniforme teleost species (carp, goldfish and 
sucker) and rainbow trout all gave inhibition slopes which were not 
significantly different from the standard cGH used in the RIA. Serum 
samples from the salmonid species (coho salmon and rainbow trout) 
caused only limited displacement of antibody-bound labeled cGH 


(B/Bo = 85 to 90%) in the cGH RIA. Serum from the tilapia 
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jaws Las 


Dose-response inhibition curves for carp 

growth hormone (GH), carp gonadotropin (GTH) 

and goldfish prolactin (PRL). Representative 
data for a carp pituitary alkaline extract 
(cc6e) and another intermediate fraction 

(cc6c) obtained during the carp GH purifica- 
tion are also illustrated. The radioimmunoassay 
data for GH and PRL from bovine (b), ovine (0) 
and rat (r) sources are as indicated. All 


data are the means of duplicate determinations. 
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Dose response inhibition curves for carp growth 
hormone (GH) (heavy solid line) and serial 
dilutions of sera obtained from intact coho 

salmon (Oncorhyncus ktsutch), rainbow trout 

(Salmo gatrdnert), tilapia (Sarotherodon 

mos sambtcus), white ree (Catastomus commersont) , 
goldfish (Carasstus auratus) and the common carp 
(Cyprtnus carpto). All data are the means of 


duplicate determinations. 
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(S. mossambtcus) showed a significant cross-reaction, although the 
Slope of the displacement curve was not parallel with the cGH standard 
(eve eels) 
In order to investigate the cause of the nonparallel inhibition 

by goldfish pituitary homogenate in the cGH RIA system (see Fig. 1.1), 
several goldfish pituitary homogenates were chromatographed on 
Concanavaline A-Sepharose (see MATERIALS AND METHODS). The results 
of a typical fractionation of goldfish pituitary homogenate and 
unlabeled cGH are shown in Fig. 1.4A. The goldfish pituitary 
homogenate separates into two distinct 'ir GH' fractions using this 
Concanavaline A separation system. The largest peak is unadsorbed to 
Concanavaline A, chromatographs identical to unlabeled cGH and gives 
parallel slopes of inhibition in the cGH RIA (Fig. 1.4B). Serial 
dilutions of the second Concanavaline-A adsorbed peak, consisting of 
34.68 + 5.78% (X + SE of 4 pituitary homogenates) of the total ‘ir GH' 
content of the pituitary homogenate, caused inhibition slopes in the 
cGH RIA which were significantly different compared to that of the 
purified cGH standard (Fig. 1.4B). 

The PAP ultrastructural immunocytochemical method applied to gold- 


fish pituitary sections revealed intense, selective staining on 


Granules of only the somatotrope cells of the Pep (figs 1 > anda. 6-1 oj. 


Comparison of conventionally-stained sections with adjacent 
immunocytochemically-stained sections from the same pituitary gland 
(see MATERIALS AND METHODS) revealed that the stained cells were 
usually ovoid in shape with rounded nuclei, and with rough endoplasmic 


reticulum (RER) often grouped in whirls located at one cell pole or 
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Fig. 1.4. 


Fractionation of carp growth hormone (cGH) and 
goldfish pituitary homogenate on Concanavaline 
A-Sepharose 4-B (Con A). The arrow in panel A 
indicates the addition of 0.15 M a-methy1l-D- 
glucopyranoside to the elution buffer. One ml 
fractions were collected and assayed in the 
cGH radioimmunoassay (RIA). RIA results 
of duplicate determinations of serial dilutions 
of selected fractions collected from the Con A 


separation are shown in panel B. 
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Fig. 1.5. 


Immunocytochemical localization of growth 
hormone in the goldfish pituitary gland. 
Six positively stained somatotrope cells 
(GH) stand out in) contrast to several 
unstained gonadotrope (GTH) cells. Note 
the larger cytoplasmic droplets (arrows) 
typical of GTH cells. In addition (togGH 
and GTH cells, there is an additional 

cell type in this figure containing numer- 
ous smaller granules of about 1100 to 1500 
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Fig. l.6=3. 


Serial sections (X 6000). 


1) 


2) 


Immunocytochemical localization of 
growth hormone granules in three 
somatotropes of the goldfish 


pituitary gland. 


The adjacent section treated with 
uranyl acetate and lead citrate shows 
the same growth hormone cells with 
many secretory granules and rough 
endoplasmic reticulum grouped con- 


centrically around the nuclei. 


Higher magnification shows individual 
peroxidase-anti-peroxidase complex 
molecules on growth hormone granules 


Cx bl COO )e. 
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in concentric rings around the nucleus (Fig. 1.6-1,2). The membrane- 
bound cytoplasmic granules were of about 2000 to 3500 a in diameter, 
comparable with that described in previous studies (Leatherland, 1972; 
Kaul and Vollrath, 1974) for the somatotropes of the goldfish 
pituitary gland. Immunostaining of GH cells with rabbit anti-cGH 
serum was abolished by addition of 28.6 ug/ml cGH to the primary anti- 
serum (data not shown). In contrast, addition of an equivalent amount 
of goldfish PRL failed to decrease staining intensity of the GH cells. 
No staining was observed if NRS was substituted for the rabbit anti- 
cGH serum or if Tris-PBS was substituted for the PAP or GARGG. 

The results of measurements of ir GH concentrations in the eluate 
obtained by gel filtration (Sephadex G-100) of a pooled goldfish serum 
sample are shown in Fig. 1.7. A single ir GH peak is evident which 
chromatographs with the slower eluting (i.e. smaller molecular size) of 
the two te TLoGH peaks. Treatment of a goldfish pooled serum sample with 
NRS and subsequent gel filtration resulted in 2 distinct peaks, one 
eluting at void volume and the other with an elution volume to void 
volume ratio NIN! of 1.4 comparable with the iodinated cGH and single 
serum ir GH peak CRN es = 1.5) (Fig. 1.7). Chromatography of goldfish 
serum after rabbit anti-cGH adsorption resulted in a single 'ir GH' peak 
at Vo (Fig. 1.7). In a separate experiment where immunobead GARGG (Bio- 
Rad Laboratories, Mississauga, Ont., Canada) was used in place of solu- 
ble GARGG, Similar results were obtained, except that no peak was 
detected at Vo after immunoadsorption of goldfish serum with the rabbit 
anti-cGH sera or treatment with NRS (data not shown). 

The results of a preliminary experiment carried out in June and 


July, 1981, investigating the effect of rabbit anti-cGH serum on 
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FiO. 2. Gel filtration (Sephadex G-100) elution profiles 
are shown for goldfish serum pools which had 
been immunoadsorbed with rabbit anti-carp growth 
hormone serum (RACGH), treated with normal rabbit 
serum (NRS) or were untreated. For comparison, 


PAS ehh 
Na I and radioiodinated carp growth hormone 


(°° a =cGH, iodinated immediately prior to 

Gel fileracwon,mespect cnc AGtLVIty L150 HC) 
are also shown. The void volume, (9 ml) 
determined using Dextran Blue, is indicated by 
Ehnesalrow. s Lor Hceeeateneal details see MATERIALS 
AND METHODS. The stippled area represents ir GH 


values which are less than the sensitivity of 


the cGH RIA (i.e. 5 ng iy GH/mi). 
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relative instantaneous growth rates in sexually regressed female 
goldfish (GSI = 1.43 + 0.28%) are shown in Table 1.4. During the 

2 week control pretreatment period, when all fish received twice 
weekly ip injections of NRS, growth rates averaged over 12% per week 
(all fish combined) and did not differ significantly either between 
groups or within a group during this period (Table 1.4). During 

week 3, growth rates declined significantly compared to that of the 
previous week (week 2), in both NRS and rabbit anti-cGH serum treated 
goldfish. However, the fish treated with rabbit anti-cGH serum 
showed growth rates during week 3 which were also significantly re- 
duced in comparison with those of week 1 (pretreatment period) and 
the simultaneous NRS-treated fish at week 3. During week 4 of the 
experiment, the mean growth rate of the rabbit anti-cGH serum treated 
group recovered to a value (about 93% per week) not significantly 
different from the pretreatment period. Ina similar preliminary 
experiment carried out under comparable conditions, growth rates of 
NRS-treated fish (N=11) and fish which were uninjected (N=9) did not 


differ significantly over a 2 week period (data not shown). 
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TABLE 1.4 


Effect of administration of rabbit anti-carp growth hormone serum 
(RA-cGH) and normal rabbit serum (NRS) on relative instantaneous 
growth rates in female goldfish. 


relative instantaneous growth rate 
% increase per week) 


pretreatment post-treatment 

weeks: al 2 3 4 
group N 
1 2 

NRS 8 Lie25 T5.02 §.01 8.61 
EB ae a as 

jello H) 1.24 2. On 21 

RA-cGH = si Ba eg) 12.04 Ai AS) 
+ + 23 + 

0.86 1.26 1.94 2209 


PeeAlidata are x +/SE and alt Significant differences are reported 
below. 


2 Significantly different compared to growth rates on week 3 
(p < 0.01) and on week 4 (p < 0.025) of NRS treated fish. 


2 Significantly different compared to growth rates on weeks 1 and 
2 (p < 0.05) of RA-cGH treated fish and of NRS treated fish on 
week. 34 (pe550205) . 
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DISCUSSION 


The cGH purified by Dr. S.W. Farmer (see APPENDIX I) and used 
throughout the present study shares many of the physicochemical 
properties of the GHs from a variety of mammalian and non-mammalian 
species, including similar molecular weight, similar amino acid 
composition, and similar behaviour in various chromatographic systems 
and on disc gel electrophoresis. In addition to its growth-promoting 
biological activity in the goldfish (see below), the cGH cross- 
reacted in two well-studied GH RIAs (see APPENDIX I). These assays 
have been shown to measure GH from a wide variety of species, 
including three piscine GHs: tilapia (Farmer et al., 1976), 
shark (Hayashida, 1973) and sturgeon (Farmer et al., 1981). 

However, it is possible that carp PRL could also cross-react since 
these RIAs also measure €tPRL (Farmer et al., 1977a). With the recent 
Puli  eeatron Orta tCarp PRL “toler ev al. 5 (L978) and "Goldfish PRI, 
(Vodicnik @¢ al.,1978; Vv. de Viaming, unpublished results) it may, in 
the future, be possible to test the teleost PRLs in these heterologous 
assays. 

The yield of cGH was extremely low (75 mg GH/kilo, see 
APPENDIX I) relative to that obtained from other species (e.g. 1400 mg 
GH/kilo for tilapia). This may, in part, be due to the use of acetone- 
dried pituitaries in the present study, eneea ss fresh frozen pitui- 
taries “were Used "for" the ten purification (Farmer*er al. 1976)?" The 
low yield of cGH may also be related to variations in the pituitary 


GH content of the donor carp. Unfortunately, information on the age, 
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sex and condition of these fish is not known. Data presented in 
Chapter 4 demonstrate marked seasonal variations in serum ir GH levels 
which, if associated with similar variations in pituitary GH levels 
as described for the perch (Swift and Pickford, 1965), may also ex- 
plain the relatively low yield of GH obtained in the present study. 
It is also possible that carp 'GHs' were contained in other fractions 
during the purification, although the lack of material precluded their 
use in the bioassay employed in the present study. In support of this 
possibility, Komourdjian and Idler (1979) found several fractions, in 
addition to their salmon GH, which had significant growth-promoting 
activity in hypox rainbow trout (also see GENERAL INTRODUCTION) . 

The biochemical and biological analyses used in the present study 
(see APPENDIX I), including PAGE, terminal amino acid analyses and gel 
exclusion chromatography, all indicate that the cGH was obtained ina 
suitably purified form (see APPENDIX I) prior to bioassay. The 
biological potency of the cGH was determined by measuring its growth- 
promoting activity in a closely related Cypriniforme, the goldfish, 
Carassius auratus. A dose of 1 ug/g BWt of cGH caused a significant 
(325%) increase in instantaneous growth rate, compared to control fish, 
after only 2 ip injections at 3 d intervals. With both cGH and bGH, 
the increase in growth rates were not due to changes in water content 
Since the per cent moisture was not different between hormone-injected 
and control fish. Furthermore, the increase in BWt resulting from 
hormone therapy was maintained after GH was withdrawn even though 
growth rates had returned to control levels. Unfortunately, the amount 


of cGH available did not permit the testing of multiple dosages to 


ay by 
ie * af 


facilitate potency comparisons with bGH. Furthermore, there was no 
clear dose-response relationship established for bGH using the intact 
goldfish. Similar difficulties in determining the biological potency 
of teleost GH to a mammalian GH standard were also evident when both 
the tilapia and salmon GHs were assessed for growth-promoting activity 
in homologous or 'near-homologous' teleost bioassays (Clarke et al., 
1977; Komourdjian and Idler, 1979). Nonetheless, the results of the 
present study suggest that the cGH is approximately equipotent in 
stimulating weight increases in intact goldfish when compared to bGH. 
This suggests that the tGH (Farmer et aZ., 1976) and, cGH of the 
present study are of similar biological potency. However, it is 
difficult to make a direct comparison in potency with the salmon GH 
(Idler et al., 1978) since these authors utilized hypox instead of 
intact rainbow trout and porcine GH as a standard in their bioassay, 
and did not report the weight of fish used, making it impossible to 
calculate weight-specific dosages (Komourdjian and Idler, 1979). 
Although the growth rates of the control and bGH-injected fish during 
the first 6 d of hormone therapy of the present study is very com- 
parable to similar studies using intact carp (Adelman, 1977) and 
salmon (Higgs et al., 1977, 1978), there was a reduction in response 
to both bGH and cGH with continued administration. This plateauing 
effect is similar to findings previously reported for both mammalian 
(Li et al., 1959) and non-mammalian GHs (Wilhelmi, 1955; Kayes, 1977a; 
Farmer et al., 1977b), tested in heterologous bioassays. It is likely 


that the continuous handling associated with the frequent injections 


of GH and morphometric measurements is stressful and is, in part, 
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responsible for the plateauing effect. Whether or not the cGH was 
antigenic in the goldfish remains to be investigated, although the 
finding that bGH is not antigenic in several teleost species (Higgs 
eGral.,- 19767711977,,919787;" Markert @t. aly,’ 1977) makes this explanation 
unlikely. In spite of the limitations of the present bioassay, there 
can be no doubt that the purified cGH used in this study is potent in 
stimulating weight gain in goldfish. 

The cGH RIA developed in the present study was found to be 
Suitable for the measurement of serum ir GH levels in the goldfish. 
The purified cGH showed competitive inhibition curves in the RIA which 
were parallel to serial dilutions of sera from a large number of gold- 
fish. Furthermore, sera obtained from hypox goldfish did not cross- 
react in the RIA, indicating the pituitary or pituitary-dependent 
origin of the cross-reacting material in serum from goldfish with an 
intact pituitary gland. The cGH RIA is sensitive enough to measure 
ir GH in as little as 3 to 6 ul of goldfish serum, depending on the 
experimental conditions and season (see Chapter 4). The precision of 
the cGH RIA compares favourably with GH RIAs developed for other 
species (Schalch and Reichlin, 1966; Tsushima et al., 1971; Borer and 
Kelch, 1978), with an overall 10% coefficient of variation (CV) 
(average of within and between assay CV) in the useful range of 
this RIA. 

To date only GTH, PRL and GH have been isolated from teleost 
pituitaries, restricting the specificity testing of the cGH RIA to 
only these teleost hormones. The cross-reactivity of carp GTH in the 


cGH RIA was of a very minor and nonspecific nature, and is not likely 
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due to GH contamination of the GTH preparation since the inhibition 
curve was virtually flat compared to the cGH standard. The finding 
that the goldfish PRL (see Vodicnik et al., 1978) does not cross- 
react to an appreciable extent in this RIA is of considerable 
significance in view of the biological, chemical and immunological 
data indicating similarities between GHs and PRLs prepared froma 
number of species (Nicoll, 1974; Hayashida et al., 1975; Farmer and 
Papkoff, 1979). However, results obtained using this goldfish PRL 
preparation must be viewed somewhat cautiously, since the biological 
properties of this hormone have not been fully evaluated (Vodicnik 
ét al., 1978). Nonetheless, antisera prepared against tGH (Farmer 
et al., 1976), salmon GH (Komourdjian and Idler, 1979) and cGH 
(present study) do not appear to cross-react appreciably with the 
homologous teleost PRL, suggesting greater antigenic differences 
between GH and PRL in teleosts than previously suspected. Further- 
more, a number of studies also have shown a clear distinction between 
GH and PRL biological activity in teleosts (Doneen, 1976; Clarke 
CrIape 19] 7; 1dlercer al. 1978, Komourdj ian and, idier,_1979)). 
While the isolation of larger quantities of teleost GH and PRL is 
essential for a more precise determination of the biological activity 
and specificities of these hormones, it is interesting to speculate 
that the longer period of evolutionary history of the teleost fishes 
relative to that of the mammals has contributed to the greater 
immunochemical and biological differences between these two hormones. 
Although other goldfish pituitary hormone preparations are 


unavailable for testing in the RIA (see above), the dilution response 
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curves for goldfish serum samples were parallel to that obtained for 
the purified cGH. Moreover, ovulation, which is known to initiate a 
marked surge in ir GTH in the goldfish (Stacey et al., 1979) had no 
effect on ir GH levels, and injections of dopamine, known to inhibit 
PRL release in the goldfish (Vodicnik et al., 1978), caused either no 
change or a significant increase in serum ir GH levels (see Chapter 2). 
Taken together, the results outlined above strongly suggest that cross- 
reaction of PRL, GTH and other pituitary hormones in the cGH RIA is 
either of a very minor nature or nonexistent. 

None of the mammalian GHs or PRLs that have been tested in either 
the cGH RIA (present study), tGH RIA (Farmer et al., 1976) or tGH RRA 
(Fryer, 1979) have produced appreciable cross-reaction, even when 
assayed at very large doses. While these findings do not address the 
important question of assay specificity with regard to the teleost 
pituitary hormones (see above), they indicate major immunological 
differences between the mammalian and teleost GHs. In support of 
this, antisera produced against a variety of mammalian protein hormones 
show immunocytological cross-reactivity with teleost pituitary cells 
only at very large concentrations (e.g. 1:5 to 1:20 dilution) 

(Emmart et al., 1966; Emmart, 1969; McKeown and van Overbeeke, 1971; 
Aler, 1971). The finding that teleost GH is relatively inactive in 
mammals (Farmer et al., 1976; see GENERAL INTRODUCTION) but that 
mammalian GHS are approximately equipotent with teleost GH when 
assayed for growth induction in fishes (Clarke et al., 1977; 


Komourdjian and Idler, 1979; present study) suggest both similarities 
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and differences in specificity of GH activity between these verte- 
brate groups. In spite of the strong biochemical evidence 
demonstrating that the structure of GH has been conserved during 
evolution (for review: Farmer and Papkoff, 1979), available results 
do not permit generalizations regarding immunological and biological 
relatedness among GHs from mammalian and teleost species. 

Based on the preliminary results from the RIA of serum froma 
variety of fish species, the present study indicates that the cGH RIA 
may be used for species other than goldfish. Furthermore, the finding 
that serum from coho salmon and tilapia, but not rainbow trout, 
Showed slopes of inhibition in the RIA which did not parallel the cGH 
standard suggests that there are both immunochemical differences in 
circulating GH among even closely related teleost species. The 
finding that perch pituitary extract (Farmer et al., 1976) and gold- 
fish serum (S.W. Farmer, personal communication) do not cross-react in 
the tGH RIA also suggest immunochemical differences between these 
teleosts. Additional studies including RIA of serum from a greater 
variety of fish species are required to determine whether or not 
there is any GH immunochemical phylogenetic pattern among teleosts. 
Since serum from the three Cypriniforme species (carp, goldfish and 
sucker) and the rainbow trout showed parallel slopes of inhibition in 
the RIA, it is possible that valid GH measurements can be made in 
serum samples from these species. It is important to note however, 
that immunochemical parallelism between serum and the purified cGH 
standard provides only the initial step in determining the validity 


of the GH measurement by RIA. In the present study additional 
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specificity testing was accomplished using goldfish and carp 
pituitary hormones in the RIA, immunohistochemistry applied to 
goldfish pituitary sections, biochemical separations of gold- 
fish serum and by testing serum from hypox goldfish. Further 
investigations are required to determine whether or not the cGH 
RIA can be utilized for the measurement of serum GH levels in species 
other than goldfish. 

In contrast to results obtained using serum, goldfish pituitary 
homogenates did not cause a parallel inhibition slope in the cGH 
RIA, which precludes the measurement of ir GH in crude goldfish 
pituitary extracts. However, the present study has demonstrated 
that the nonparallel. displacement curve is due to the presence of 
a pituitary substance(s) that is adsorbed to Concanavaline A, which 
if removed using the described separation system establishes a 
parallel slope of inhibition. Since the other tests of specificity, 
including ultrastructural immunocytochemistry (see below) and 
RIA testing of other goldfish and carp pitutiary hormones (see 
above) support the validity of pituitary GH measurements in gold- 
fish, the Concanavaline A separation may be used for the deter- 
mination of goldfish pituitary ir GH levels. It is possible that 
the relatively small and variable contribution of the goldfish 
Concanavaline A-adsorbed pituitary material cross-reacting in the RIA 
prevented its ultrastructural Sterne using the PAP immuno- 
cytochemical method (see below). Alternatively, the cross-reacting 
material may be a component of the GH granules of somatotrophs stained 
by the PAP reaction which may contain a glycoprotein moiety that is 


not released into the circulation. It is interesting to note that in 
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contrast to goldfish pituitary extracts, carp pituitary extracts have 
parallel slopes of inhibition in the cGH RIA, emphasizing the impor- 
tance of carefully determining the suitability of a RIA for even 
closely related species. 

Further testing of the specificity of the cGH RIA based on 
results obtained using the PAP immunocytochemical technique 
(Sternberger et al., 1970; Moriarty, 1976) confirms and extends those 
obtained by RIA (see above). Identification of the presumptive 
somatotrope cells in the goldfish pituitary was based on the location 
of the cells within the pituitary and by ultrastructural criteria 
detailed by Leatherland (1972), Nagahama (1973) and Kaul and Vollrath 
(1974). Briefly, the somatotrope cells of the goldfish pituitary may 
be recognized by their overall oval or pyramidal shape, with a round 
or oval nucleus and electron dense granules which are larger than 
those in PRL cells, together with an extensive and polarized RER. 

The specificity of the staining reaction was demonstrated by the find- 
ing that absorption of the rabbit anti-carp GH serum with cGH, but 

not goldfish PRL, abolished the staining reaction on the GH granules. 
This finding is in agreement with results detailed above in which 
goldfish PRL was shown not to cause appreciable cross-reactivity in 
the cGH RIA. In addition, all methodological control procedures 
Supported the validity of the PAP ultrastructural method using the 
rabbit anti-cGH serum for staining goldfish GH granules. Since only 
the presumed somatotrope cells of the goldfish pituitary reacted with 
the rabbit anti-cGH serum, the specificity of the RIA for only gold- 


fish GH is further supported. “It is also important to note that the 
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rabbit anti-cGH serum was used at dilutions comparable with that used 
in the RIA (see MATERIALS AND METHODS), and that the sensitivity of 
this PAP technique is reported to be at least as great as for the RIA 
(Petrali eLraLr., 1974). It must be noted, however, that’ the cGH RIA 
is, in the present study, employed primarily for the measurement of 
serum, and not pituitary, ir GH levels in goldfish. If the 
Picuicary and circulating form of GH” in goldfish differ in their 
immunological and/or biological properities, as has been suggested 
for ‘the rat. (Vodian and Nicoll, 1977) ‘and*goldfish (see discussion 
concerning Concanavaline A separation of goldfish pituitary homogenate), 
then use of both the PAP technique and RIA for testing the immunologi- 
cal specificity of goldfish pituitary hormones may not be relevant to 
the question of possible cross-reactivity of circulating hormones. 
However, the results of the immunoadsorption of GH from goldfish 
and subsequent chromatography on Sephadex G-100 demonstrate the 
Similarity, at least in terms of size, of the serum ir GH and the cGH 
standard. Furthermore, since serial dilutions of goldfish serum show 
RIA inhibition curves which parallel that of purified cGH (see above), 
the immunological similarity between the circulating and pituitary 
form of goldfish GH is supported. Without highly purified hormones 
isolated from goldfish serum, the results described above strongly 
support the specificity of the cGH RIA for measurement of serum GH 
in gGoldtisn. 

A preliminary experiment showed that twice weekly ip injections 
of anti-cGH serum caused significant decreases in growth rates in 


goldfish after 1 week of treatment. It is likely that neutralization 
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of endogenous circulating goldfish GH by the rabbit anti-cGH serum is 
responsible for the observed reduction in growth. These results as- 
sume some Significance in light of recent investigations of the 
relationships between circulating levels of immunoreactive and 
biologically active GH (Vodian and Nicoll, 1977; Russell et al., 1980) 
which emphasize that RIA makes an immunological measurement (i.e. dis- 
placement of radiolabeled hormone from antisera) of a presumed 
biologically active hormone. These results, in conjunction with those 
of the specificity tests detailed above, indicated that endogenous 
goldfish GH shares immunological determinants with the cGH and the 
anti-cGH serum used in the cGH RIA. However, the finding that there 
was no significant reduction in growth rate during the second week of 
rabbit anti-cGH treatment is difficult to explain. It is possible 
that rabbit anti-cGH serum is antigenic in goldfish or that endogenous 
GH secretion was greatly increased after continued administration of 
this antiserum. Although additional studies requiring larger amounts 
of antiserum for injections of greater numbers of fish over a longer 
period of time are needed, this preliminary experiment suggests that 
the rabbit anti-cGH serum used in the RIA binds biologically active 
e1veulacing GH in goldfish. 

An attempt was also made to correlate RIA (present study) and 
bioassay (Adelman, 1977) estimates of GH content of pituitaries 
collected from two separate populations of carp at different times of 
the year (I. Adelman and A.F. Cook, unpublished results). However, 
the absence of significant seasonal variations in bioactive pituitary 


GH content in carp (I. Adelman, unpublished results) and the 
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variability of the carp bioassay made it possible to establish a 
statistically significant correlation between the bioassay and RIA 
results ee = 56.4%, N=7, p < 0.05) for only one set of samples 

(I. Adelman and A.F. Cook, unpublished results). Unfortunately, 
available teleost bioassays are neither sensitive nor precise enough 
to measure serum GH levels. The question of whether the cGH RIA 
measures circulating biologically active goldfish GH is studied by the 
experiments described in Chapters 3 and 4. Briefly, these studies 
directly and indirectly establish positive relationships between the 
serum ir GH level and the growth rate of the goldfish. In Chapter 3, 
lesioning the nucleus preopticus periventricularis resulted in both an 
increased weight gain and serum ir GH levels in goldfish, whereas 
lesions not affecting weight changes had no effect on serum ir GH 
levels. Furthermore, serum ir GH levels show a seasonal pattern in 
both goldfish and suckers, with elevated circulating ir GH levels 
occurring after the spawning period, when growth is most rapid (see 
Chapter 4). 


In summary, the cGH RIA described in the present chapter is both 


precise and sensitive and appears to measure serum ir GH free from inter- 


ference from other hormonal and non-hormonal substances. Furthermore, 
the specificity of the cGH RIA for measurement of serum GH in goldfish 
has been shown in the present study, to a degree greater than that 
demonstrated for any other RIA for a teleost pituitary hormone 

(Breton et al., 1972; Crim et al., 1976; Farmer et al., 1976; Hontela 
and Peter, 1978). It is apparent then that the cGH RIA provides a 


valid means of studying the physiology of circulating ir GH levels in 


goldfish. 
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Chapter 2. THE EFFECTS OF SOMATOSTATIN AND MONOAMINES ON SERUM 
GROWTH HORMONE LEVELS IN THE GOLDFISH, CARASSIUS 
AURATUS 


INTRODUCTION 


The participation of the catecholaminergic system of the brain in 
the central regulation of GH release is established in several 
mammalian species (Ganong, 1975; Ruch et al., 1977; Edén et al., 1979). 
Catecholamines appear to influence GH secretion by way of central 
Sites, affecting the hypotnalamic neurons which produce somatostatin 
(SRIF, also known as somatotropin release-inhibiting factor) and/or an 
as yet unidentified GH releasing factor (GHRF) (Martin, 1976; Martin 
et al., 1978; Weiner and Ganong, 1978). For example, in the dog, 
administration of the amino acid precursor of catecholamines, di- 
hydroxyphenlalanine (L-DOPA) increases GH secretion by an action inside 
the blood-brain barrier (Lovinger et al., 1976). Considerable evidence 
suggests that L-DOPA increases GH secretion in the dog by its subse- 
quent conversion to norepinephrine (NE) and not to dopamine (DA) or 
epinephrine (E) (for review: Weiner and Ganong, 1978). Furthermore, 
intraventricular injections of NE and the central acting a-agonist 
clonidine also increased GH levels while the a-receptor antagonist 
phentolamine reduced GH levels (Lovinger et al., 1976). Although it 
is not known whether L-DOPA increases GH secretion by decreasing SRIF 
or increasing GHRF secretion, evidence obtained from the rat (Durand 
CGNGL. wn lbO7D) ecati (Ruchse£aGFi 41977) 4 baboon: (Steiner efealss1978) 


and human (Lal et al., 1975) also are consistent with an a-adrenergic 
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mechanism for stimulating GH secretion. Since intravenous administra- 
tion of anti-SRIF serum increases basal GH levels, there is at least 
some degree of basal SRIF secretion (Ferland et Oe ISY/ Tn. betel she 
may be that NE reduces SRIF release to cause the increase in GH 
secretion. 

In contrast to the situation in mammals, very few studies have 
investigated the possible effects of either monoamines or SRIF on GH 
secretion in teleost fishes. A major obstacle in this area of compara- 
tive endocrine research has been the lack of an assay suitable for the 
measurement of serum GH levels in non-mammalian vertebrates. A 
validated RIA technique for measurement of serum GH has been reported 
for the bullfrog Rana catesbetana (Clemons, 1976), and a radioreceptor 
assay (RRA) suitable for the measurement of GH released from 
Sarotherodon mossambtcus pituitaries cultured tn vitro has been 
described (Fryer, 1979; Fryer et al., 1979). Chapter 1 describes a 
RIA for GH in carp, Cyprinus carpto and goldfish, Carasstus auratus. 

SRIF has been shown to inhibit GH released into the culture 
medium from pituitary glands of the teleost fish, tilapia (5. 
mossambtcus), as measured by RRA (Fryer et al., 1979). At concentra- 
tions of 0.1 to 2.0 ug per ml incubation medium, SRIF produced a 
dose-dependent inhibition of GH release; the highest concentration of 
SRIF (2.0 ug/ml) producing an 80% inhibition of GH release compared 
with control values (Fryer et al., 1979). In addition, SRIF has been 
measured by RIA in brain extracts of S. mossambtcus (King and Millar, 
1979) and the catfish and hagfish (Vale et al., 1976). Furthermore, 


the teleost SRIF is immunologically and chemically very similar to, if 
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not identical with mammalian synthetic SRIF (King and Millar, 1979). 
Using immunocytochemical procedures Dubois et al. (1978, 1979) have 
demonstrated the presence of SRIF in the pituitary and hypothalamus 

of rainbow trout, Salmo gatrdneri. While it is certain that SRIF is 
present in the hypothalamus of fishes and that SRIF can inhibit GH 
release from tilapia pituitary glands cultured im vitro, it is 
essential to determine the effect of SRIF on serum GH levels in intact 
fish before postulating a role for SRIF in the regulation of GH 
secretion in teleosts. 

The present study was designed to determine the effect of sever- 
al doses of SRIF on serum ir GH levels in goldfish and to determine 
the time-course of the response. Although several studies have 
employed histochemical procedures to demonstrate monoamines in the 
brain and hypothalamus of several species of fish (Baumgarten and 
Braak, 1967; Terlou et al., 1978), there is no published information 
concerning the possible influence of monoamines on either SRIF or GH 
secretion in this vertebrate group. Therefore, the present study also 
investigates the effect of a variety of monoamines and related drugs 
and their interaction with SRIF on serum ir GH levels in goldfish, to 


gain insight into the neural regulation of teleost GH secretion. 
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MATERIALS AND METHODS 


ike General Procedures 
The source and general procedures for the handling of, and method 
of anaesthesia of goldfish were as described for the cGH bioassay 


(see Chapter 1). 


II. Experiments 


Somatostatin Experiments 

Sexually mature male goldfish (27.38 + 0.56 g BWt, x + SEF 
Experiment Zot ;536./792) 2, 098G)BWE, Experiment) 2427 327011250.94 g BWt, 
Experiment 2.3) were acclimated to conditions of 12 + 1°c and a 16L:8D 
light-dark cycle (lights on at 08:00 hr) for a minimum of 2 weeks. All 
somatostatin experiments and the combination experiment (see below) were 
done in May and June. The fish were fed Ewos size 5P pellets twice or 
three times daily at different times during the photophase, except that 
food was withheld on the day of, and the day prior to blood sampling 
(see below). At the start of each experiment the fish were individually 
tagged and weighed (see Chapter 1) and a pretreatment blood sample 
taken. The method of sampling and preparation of serum for subsequent 
RIA analysis were as described by Cook and Peter (1980). The initial 
(pretreatment) blood sample (90 to 110 ul volume) was taken from all 
fish at 20:30 to 21:00 hr, immediately prior to the first ip injection 
of either physiological saline (PS; Burnstock, 1958) or the experi- 
mental solutions described below. A second ip injection was given 12 
hr later at 08:30 hr and each fish was bled at 1.5 hr in Experiment 


2.1, and at 1.5, 6 and 24 hr following the second injection in 
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Experiments 2.2 and 2.3. After the final blood sample, the fish were 
killed in excess anaesthetic, weighed and the gonads were removed and 
weighed. 

The SRIF used in Experiments 2.1 and 2.2 was synthesized by 
Dr. J. Rivier and generously supplied by Dr. W. Vale of the Salk 
Institute, La Jolla, CA, whereas for Experiment 2.3, SRIF was pur- 
chased from Beckman Instruments Inc., Palo Alto, CA. Thyrotropin- 
releasing hormone (TRH) and Substance-P were also obtained from 
Beckman Instruments Inc. All solutions were prepared immediately pri- 
or to use and the vehicle used for dissolution and injection of 
neuropeptides was also PS. Ip injections were administered in a 
volume of 10 ul/g BWt using a 250 ul Hamilton syringe fitted with a 
27 gauge needle. The dosages of neuropeptides used in Experiments 
2.1, 2.2 and 2.3 are included in Table 2.1 and the figure legends to 


Fig,*2.l1 and 2.3, respectively. 


Drug Expertments 

Female or male goldfish were acclimated for at least two weeks to 
127+ 1°C, and either 4 12L:12Dyor 161.:8D light-dark cycle (lights on 
at 08:00 hr). On the day of drug administration feeding was withheld 
and all injections and blood sampling was performed between 08:30 and 
14:30 hr. Alpha-methyl-paratyrosine ester HCl (AMPT), DA, NE (NE HCl), 
reserpine and L-DOPA were purchased from Sigma (St. Louis, Missouri, 
U.S.A.). Clonidine HCl and phentolamine HCl were kindly donated by 
Boehringer Ingelheim Ltd., Ridgefield, CT, U.S.A. and CIBA-GEIGY 


Canada Ltd., Dorval, PQ, Canada, respectively. These drugs were 
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administered as a solution or as a suspension in a vehicle of acidi- 
fied 0.7% sodium chloride with 0.1% sodium metabisulfite. Ip 
injections of drugs were made with a 1 ml syringe fitted with a 27 
gauge needle. The times of blood sampling relative to that of 
injection are included in the appropriate tables (see RESULTS, 


WaMu Bar to) Ao IO, 


Combtnatton Expertment 

Sixty-seven male goldfish (24.60 + 0.57 g Bwt, X + SE) were 
acclimated for 18 d in 96 & flow-through aquaria (14 to 18 fish per 
tank) at 24 + 2°C under a 16L:8D light-dark cycle (lights on at 08:00 
hr). The fish were fed as described above and feeding was withheld 
on the day prior to and the day of blood sampling. To start the 
experiment fish were individually tagged and weighed and a pretreat- 
ment blood sample was taken as described for the SRIF experiments 
(see above). Immediately following, and at 12 hr after the pretreat- 
ment blood sample, each fish was injected with one of the solutions 
described below. SRIF (1 ug/g BWt; obtained from Boehringer Mannheim, 
Dorval, PQ, Canada), L-DOPA (50 ug/g BWt; Sigma), 2-(3,4 dihydroxy- 
benzyl) 2 hydrazinopropionic acid (CARBIDOPA, 50 ug/g BWt; kindly 
donated by Merck Frosst Laboratories, Dorval, PQ, Canada), SRIF and 
L-DOPA (1 ug/g BWt and 50 yg/g BWt, respectively) and L-DOPA and 
CARBIDOPA (50 ug/g BWt for each drug) were all dissolved in PS 
immediately prior to use, and injected ip in a volume of 10 ypl/g BWt 
as described for the SRIF experiments. Control fish were injected 


with an equivalent volume of PS. Post-treatment blood samples were 
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taken at 1.5 and 24 hr following the second injection and the serum 


was processed for the cGH RIA in the usual manner. 


TII. Carp Growth Hormone Radioimmunoassay 


Details of the cGH RIA are as described in Chapter l. 


IV. Statistical Analyses 

Somatostatin Expertments 

Analysis of variance and Duncan's multiple range test at p < 0.01 
were used to determine differences between groups at each of the 
sampling times (Steel and Torrie, 1960). The raw data were normalized 
using a logarithmic transformation prior to statistical testing. 
Paired t-tests (2-tailed) were used to compare serum ir GH concentra- 
tions of pretreatment and post-treatment samples from individual fish 


within experimental groups (Steel and Torrie, 1960). 


Drug Expertments 

For comparison of the effects of a single drug on serum ir GH 
levels, either the Student's t-test (2-tailed) or, if the variances 
were significantly different as indicated by Bartlett's a test, the 
Mann-Whitney U-test were used (Steel and Torrie, 1960). The effects 
of several doses of the same drug were assessed using analysis of 


variance and Duncan's multiple range test at p < 0.01. 


Combtnatton Expertment 


The Student's t-test or Mann-Whitney U-test (see above) were used 
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for comparison of mean serum ir GH levels of each treatment group with 
that of the vehicle control group. The ir GH data were normalized 
using a logarithmic transformation prior to statistical testing. The 
paired t-test was used to compare mean serum ir GH levels at 1.5 and 
24 hr following the second injection with that of the presample value. 


All significance levels reported in Table 2.11 are 2-tailed. 
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RESULTS 


Somatostatin Experiments 

Table 2.1 summarizes the effects of two ip injections, given 12 
hr apart, of either SRIF, TRH, or Substance-P, on serum ir GH levels 
in sexually mature male goldfish (GSI = 3.68 + 0.23%) (Experiment 2.1). 
Of the peptides tested, only SRIF (1 ug/g BWt) had a significant 
effect, decreasing serum ir GH levels by 56% at 1.5 hr following the 
second injection (Table 2.1). Fig. 2.1 illustrates the results of 
Experiment 2.2, describing the time-course of inhibition of serum ir 
GH levels in sexually mature male goldfish (GSI = 3.39 + 0.29%) after 
2 injections of SRIF (1 ug/g BWt) given 12 hr apart. SRIF caused a 
Significant decrease (p < 0.01) in serum ir GH levels compared to both 
presample and vehicle-injected control values at 1.5 and 6 hr follow- 
ing the second injection (Fig. 2.1). At 24 hr following the second 
injection there was a significant rebound to leveis that were more 
than twice those of presample control values. Fig. 2.2 illustrates 
the effect of SRIF on serum ir GH levels in individual fish before and 
after SRIF treatment (Experiment 2.2, same data as Fig. 2.1). It is 
apparent that the inhibitory action of SRIF on mean serum ir GH levels 
(Fig. 2.1) is due to a decrease in the serum ir GH levels of fish that 
had elevated levels (ca. > 25 ng ir GH/ml serum) at the time of the 
pretreatment sample (Fig. 2.2). TRH (1 ug/g BWt) caused a significant 
increase in serum ir GH levels at 24 hr, but not at 1.5 or 6 hr 
after the second injection compared with both pretreatment and vehicle- 


control values (Fig. 2.1). 
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TABLE, 2... 


The effect of two intraperitoneal injections of some neuropeptides 
given 12 hours apart on serum immunoreactive growth hormone (ir GH) 
levels in the goldfish at 1.5 hours following the second injection 
(Experiment 2.1). 


treatment dose N ng ir GH per ml serum 
(ug/g BWt) 

, a 
vehicle -- 5 SaesOA Gt 2. 41 
TRH 1. ug/g 9 Dif eee OS 

3 4 
SRIF ug7¢ iG) Aes Wat 64 
Substance-P 1 ug/g 10 28,38 a 3853S 


i Al! data are X 2 SE. 
2 Synthetic porcine thyrotropin-releasing hormone. 
3 Synthetic linear somatostatin. 


4 Significantly different compared to vehicle control value 
(Oa... 0 Be 
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(Experiment 2.2). The effect of synthetic linear 
somatostatin. (SRIF, //////////////, 1.0 ug SRIF/g 
BWt, N=18), synthetic thyrotropin-releasing hormone 
(TRH, -------------- , 1.0 ug TRH/g BWt, N=12), and 
physiO Logica lessalcime (PS 970 srr ae ul/g 
BWt, N=18) on serum immunoreactive growth hormone 
(ir GH) levels.in male goldfish. All fish were 
sampled immediately prior to the first of two 
intraperitoneal injections given 12 hours apart 
(presample, p) and at 1.5, 6 and 24 hours following 


the second injection. The values shown are XxX + SE. 


Paired t-test using log-transformed data 
Diss) e. 


PS p 6 24 1.5 
SRIF 1.5 6 Pp 24 


TRH p IS 6 24 


ANOVA and Duncan's multiple range test using 
log-transformed data (p < 0.01). 


p TRH SRIF PS 
Ne) SRIF PS TRH 
6 SRIF BS TRH 


24 PS TRH SRIF 
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alse Caw ac (Experiment 2.2). Changes in serum immuno- 
reactive growth hormone (ir GH) levels in 
18 male goldfish before and after two 
injections of somatostatin (IOsgEe SRE? 
g BWt), given 12 hours apart. The post- 
treatment sample was taken at 13.5 hours after 
the presample and l.5 hours after sthessecond 


SRIF injection (same data as in Fig. 2.1). 
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Big. 2eo snows sche results of 2 injections of either 0.1, 0.5 or 
1.0 ug SRIF/g BWt given 12 hr apart in sexually mature male goldfish 
(GS Peewee 6 etOes At mE XDPeE Lmentiac. 3) 6 both LoOeand O25, but-not: 0.1 
ug SRIF/g BWt caused a significant decrease in serum ir GH levels at 
1.5 hr following the second injection compared to the presample con- 
trol mean value. Both the highest and intermediate doses of SRIF also 
caused a significant (p < 0.01) rebound increase in serum ir GH levels 
at 24 hr following the second injection. Interestingly, although the 
lowest dose of SRIF (0.lug/g BWt) caused a significant decrease in serum 
ir GH levels compared to the vehicle, but not presample control 
group at 1.5 hr following the second injection (but see below), this 
dose was associated with a rebound increase at 6 hr following the 
second injection (Fig. 2.3). Although a vehicle control group (N=10) 
was included in Experiment 2.3 (data not shown), the presample serum 
ir GH value, in addition to the 1.5 and 6 hr values, of this group 
were significantly greater than those of the 3 SRIF-treated groups, 


obviating statistical comparison with this group. 


Drug Experiments 

The effects of NE on serum ir GH levels in female goldfish were 
different when results of experiments performed between November and 
March were compared with those of May and June. Tables 2.2, 2.3, 2.4, 
2.5 and 2.6 summarize the results of a series of experiments conducted 
between November and March; Tables 2.7, 2.8 and Fig. 2.4 are from the 
May and June experiments. 


In March, injection of NE (1 and 100 ug/g BWt) caused a 
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(Experiment 2.3). The effect of three doses of 
synthetic linear somatostatin (SRIF) on serum 
immunoreactive growth hormone (ir GH) levels in 
male goldfish. All fish were sampled immediately 
prior to the first of two intraperitoneal 
injections given 12 hours apart (presample, p) and 
at 1.5, 6 and’ 24 hours following the second 

The values shown are X + SE. 


injection. 


Se a ee 0.1 ug SRIF/g BWt N=10 
0.5 ug SRIF/g BWt 


VALAIS TALS LS (oes OMS OR LET GSB N N=10 


Paired t-test using log-transformed data (p < 0.01). 


0.1 1.5 Pp 6 24 
0.5 1.5 6 p 24 
10 1.5 Pp 6 24 


ANOVA and Duncan's multiple range test using 
log-transformed data (p < 0.01). 


Pp Lo ael 0.5 
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Significant increase (p < 0.05) in serum ir GH levels at 1 hr post- 
injection in female goldfish (Table 2.2); however, this effect was not 
dose-dependent, and the dose of 10 ug NE/g BWt did not cause a signi- 
ficant increase. Although 1 ug NE/g BWt caused a significant increase 
in serum ir GH levels 1 hr post-injection (Table 2.2), the same dose 
of NE had no significant effect at 6 hr post-injection in a separate 
experiment conducted in January (see Table 2.6). 

The a-adrenergic agonist clonidine (30 ug/g BWt) resulted in 
elevated serum ir GH levels at 6 hr post-injection in an experiment in 
February, 1980 (Tabie 2.3). In a separate experiment carried out in 
January, injection of 300 ug clonidine/g BWt resulted in significantly 
elevated serum ir GH levels compared with the vehicle control group at 
both 2 and 6 hr post-injection (Table 2.3). Table 2.4 summarizes the 
results of 3 separate experiments on the effects of a single injection 
of the catecholamine synthesis inhibitor AMPT on serum ir GH levels in 
female goldfish. Although a dose of 5 ug AMPT/g BWt resulted in a 
Significant decrease in serum ir GH levels at 6 hr post-injection in 
November, administration of 100 ug AMPT/g BWt in January had no 
significant effect. In February 300 ug AMPT/g BWt caused a marked 
inhibition at 2 hr post-injection in both the mean and range of serum 
ir GH levels when compared with the vehicle control group (Table 2.4). 
In one experiment conducted in February, phentolamine (5 ug/g BWt) 
caused a significant inhibition of serum ir GH levels in female gold- 
fish (Table 2.5); whereas in a separate experiment, also conducted in 
February, the same dose of propranolol had no significant effect on 


serum ir GH levels (Table 2.5). Reserpine was without effect at the 
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TABLE 2.2 


Effect of a single intraperitoneal injection of norepinephrine (NE) 
on serum immunoreactive growth hormone (ir GH) levels 1 hour post- 
injection in female goldfish acclimated to 12 + 1°C and a 12L:12D 
light-dark cycle (11 March, 1980). 


treatment dose N ng ir GH per ml serum 
(ug/g BWt) 
‘ 1 
vehicle =a uae Siege SR eal MER Gy 
NE 0 10 Dee Gee eS 
NE 1O50 10 PLUS T/ Tp easel GAIL, 
NE 100.0 10 SISiG.6 Symes Gre” 


if Aliedata are % 44 SE. 
Results of analysis of variance and Duncan's multiple range test. 


V 10 1 100 p 0.00 


V 10 1 100 p < 0.05 
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Single dose and sample time employed (see Table 2B Oye 

In contrast to the results obtained between November and March, 
both 0.1 and 1 ug NE/g BWt caused significant decreases in serum ir GH 
levels at 0.5 hr post-injection in female goldfish acclimated to 
12 + 1°C and a 12L:12D light-dark cycle in May (Table 2.7). Ina 
comparable experiment using goldfish acclimated to 12 + 1°c anda 
16L:8D light-dark cycle, both 10 and 100 ug but not 1 ug NE/g BWt 
caused significant reductions in mean serum ir GH levels ahs (Obey ders 
post-injection in female goldfish (Table 2.8). Fig. 2.4 demonstrates 
that the significant inhibition of NE on serum ir CH levels in May 
and June is transient, beginning at 0.5 hr and ending between 1 and 
2 hr post-injection; there was no significant difference between 
vehicle and NE-treated fish at either 2 or 6 hr post-injection. 

Tables 2.9 and 2.10 show the results of a Single injection of 
either L-DOPA or DA on serum ir GH levels in female goldfish acclima- 
Reuse omt etm Cand all 10D light-dark cycle. Except for the 10 Ug 
L-DOPA/g BWt group, all dosages of L-DOPA, from 50 to 200 ug/g Bwt, 
Significantly increased (p < 0.01) serum ir GH levels in a dose- 
dependent manner at 1 hr post-injection (Table 2.9). Ina separate 
experiment L-DOPA (100 ug/g BWt) also elevated serum ir GH levels at 
6 hr post-injection (Table 2.9). Table 2.10 shows that all three 
doses of DA tested (1, 10 and 100 ug/g BWt) caused Significant in- 
creases (p < 0.01) in serum ir GH levels at 1 hr post-injection, 
although there was no evidence of a dose-response pattern. Ina 
separate experiment DA (100 ug/g BWt) had no detectable effect on 


serum ir GH levels at both 2 and 6 hr post-injection (Table 2.10). 
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The etfect of norepinepnrine (NE) =a oa ae ) 
and physiologucalssaline (2S) | ee 
serum immunoreactive growth hormone (ir GH) levels 
in female goldfish acclimated to 12 + 1°C and a 
12L:12D light-dark cycle. The experiment was done 
in June, 1980. Values shown are the X + SE of 10 
fish at each sample time. The NE-treated fish 

had significantly (*) reduced (p < 0.05) serum 

ir GH levels at 0.5 and 1 hr post-injection com= 
pared to vehicle-control group (Student's t-test). 
Results of analysis of variance and Duncan's 
multiple range test ie) 0.01) are shown below 


(groups joined by underline are not significantly 
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In a third experiment completed in November, 1979, 1 ug DA/g BWt had 
no significant effect on serum ir GH levels at 6 or 24 hr post- 


injection compared to either the presample or vehicle control value. 


Combination Experiment 

The results of an experiment concerning the effects of two ip 
injections (12 hr apart) of combinations of SRIF, L-DOPA and CARBIDOPA 
are shown in Table 2.11. SRIF (1 ug/g BWt) caused a Significant 
reduction in serum ir GH levels at 1.5 hr following the second injec- 
tion compared to both the vehicle and simultaneous presample control 
values (Table 2.11; -62.4 + 6.33 of presample value for SRIF group 
compared to 96.7 + 31.9% for vehicle group, x + SE). Serum ir GH 
levels rebounded to levels which were not Significantly different from 
both control values by 24 hr following the second injection of SRIF, 
L-DOPA (50 ug/g BWt) caused a marked increase in serum ir GH levels 
which was significantly different from the presample value, but not 
the vehicle-injected group, at both 1.5 and 24 hr post-injection. 
Injection of a combination of SRIF and L-DOPA alone had no statistic- 
ally significant effect on serum ir GH levels at either 1.5 or 24 hr 
post-injection compared to both the presample and vehicle-injected 
control values. The large SE of the mean serum ir GH level of this 
group, at 1.5 hr following the second injection, is due to individual 
fish showing either a marked increase (N=5) or a marked decrease 
(N=6) in serum ir GH levels relative to the presample control ir GH 


value. Injection of the peripheral decarboxylase inhibitor 
CARBIDOPA (50 ug/g BWt) had no significant effect on serum 


ir GH levels at either 1.5 or 24 hours following the second 


_ 
NS 
' ae 7 
hel S49 oad po t \eTeL. , nel ab Sovelemes a agen Sok « ot 


wk 1 5% Rigvel Hh 4s mrtae a6 *o0t%s neck disinis ni | 


y It *S Liimy 30 Shigeeaoag at3 seithe buntagieas sok saatat 


- 


Pane, See nstannnindd 

Aisne n> tHex.iagxe ae Jo aligeast ese 

oF » ATE ' 4 46 a00is@sidmo> to (fEpee 8 vA) “Rass 
sunny - (3e2 ed 1) are i+ endee al sweats ! 

ee neti ath oh Ft ireupe W> =. sae ol mOLIT 


Siinmis Man obetvievy of “ged of Beneguey 


To o het he OR ag beg 
~~ = - 
‘7 re vr athe «he di aval on Sakemaaes al 


Wino 4 pa aatiaa wv) em wi se7iep Toxdnes 
i . UAadven (238° ove@ 6a) 
3% sy: t=. 9205 “es sede aia beau Joka 

J slog 28 ,Qentp see +s nwebataen | 
im WIRE Vo eat anne h we 


| HABE 0 2.1 ascbids 28) qlovsd Gah eee ‘QO POSER: soe 


Biete ststtae ons piieioess edt bso st bene? avisoetat-, 


eho hors Pires 


4 


TARLE 2. Lt 


Effects of two intraperitoneal injections of physiological saline 
(vehicle), somatostatin (SRIF), dihydroxyphenylalanine (L-DOPA) and 
2-(3,4 dihydroxybenzyl) 2 hydrazinopropionic acid (CARBIDOPA) given 
12 hours apart on serum immunoreactive growth hormone (ir GH) levels 
in male goldfish acclimated to 24°C and a 16L:8D light-dark cycle 
(lv dune, 1981). 


6e0ae—€—€99Nman93#3pqa}#nmae—SSSSSSSSSSSSSSSSSSSS 


ng ir GH per ml serum 


presample hours after second injection 
eS 24 
treatment dose N 
(ug/g BWt) 
vehicle -- 19 43.207 Slrel Sey 
se # + 
O22 ele 5.46 
SRIF il 10 NS A Donte: 68.45 
aE aE + 
8.49 4.58 Leog 
SRIF+L=DOPA 1,50 ji 40.74 48.00 65.04 
an Bis SE 
4.59 10.88 8.04 
3 4 4 
L-DOPA 50 13 36207 7205 SiO! 
£ + + 
6200 on 20 VAS) 
L-DOPA+ 5 
CARBIDOPA 507,50 9 46.83 103.41 41.45 
+ £ = 
ie DO 8.37 6.94 
CARBIDOPA 50 5 52542 41.35 68.46 
2 £ + 
17.14 925) VL.0F 


dh All data are X + SE. 

2 Significantly different from both presample and vehicle control 
values (p < 0.001). 

3 Significantly different from SRIF presample control value 
(reese (ak). ie 

4 Significantly different from presample control value coms). OO 1) e. 
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injection. At 1.5 hr following the second injection of a combination 
of L-DOPA and CARBIDOPA, serum ir GH levels were significantly in- 
creased when compared to both the presample and vehicle control 
values, whereas injection of L-DOPA alone caused a Significant in- 
crease in serum ir GH levels only in comparison with the presample 
control value (154.0 + 44.0 and 105.6 + 58.03% of presample value for 


L-DOPA-CARBIDOPA combination and L-DOPA, respectively, xX + SEE 
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DISCUSSION 


Previous investigations demonstrated that the presence of 
immunoreactive SRIF in the brains of teleosts (RIA; Vale et al., 1976; 
King and Millar, 1979; immunohistochemistry, Dubois et al., 1974, 1978, 
1979), and that SRIF ‘is capable of inhibiting GH released from teleost 
pituitaries cultured im vitro as measured by RRA (Fryer et al., 1979). 
However, without data concerning the effects of SRIF on serum CH 
levels in intact fish it is impossible to assess the role that tars 
neuropeptide may have in the regulation of GH secretion in teleosts 
(see INTRODUCTION). The present study has, for the first time, 
demonstrated an inhibitory action of synthetic mammalian SRIF on 
serum ir GH levels in intact male goldfish. In four separate experi- 
ments two ip injections of 1.0 ug SRIF/g BWt given 12 hr apart 
caused a significant depression of serum ir GH levels at 1.5 hr 
following the second injection. In addition, at doses as low as 0.5 
ug SRIF/g BWt serum ir GH levels were also lowered at 1.5 but not at 
6 hr after injection, suggesting that the serum half-life of SRIF in 
goldfish is limited. These results are comparable with those of 
mammals where a number of studies have estimated the half-life of 
SRIF to be between 2 and 25 min, depending on the species and 
experimental procedures employed (Yen et al., 1974; Brazeau et Qi. 
1974; Schusdziarra €b ab. . 1970) 

Analysis of the changes in serum ir GH levels in individual 
goldfish treated with SRIF indicates that when pretreatment serum 


levels are less than about 25 ng/ml, SRIF usually had no detectable 
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inhibitory effect. Furthermore, it is apparent that the higher the 
initial pretreatment ir GH levels, the greater the inhibitory effect 
of SRIF (see Fig. 2.2). Although SRIF has been found to inhibit both 
spontaneous and stimulated secretion of GH ina variety of mammalian 
tn vitro systems and to inhibit stimulated GH secretion in vivo (for 
review: McQuillan, 1977, 1980), a number of mammalian studies have 
found no effect of SRIF on basal serum GH levels (Lovinger et Cie 
1974;. Bryce, et al. , 1975; Davis, 1975; Hanveyuete 0 i%,11978)4)¢ In 
Chapter 4 results are presented indicating GH is secreted in bursts in 
goldfish, as in mammals. It is possible then that SRIF may act by 
inhibiting only the spontaneous secretory bursts and may be without 
effect on the basal serum GH levels. The only published account of 
the effect of SRIF on GH secretion in fishes (Fryer et al., 1979) 
demonstrated the dose-dependent inhibition of GH released from 
pituitary glands of tilapia, but did not determine if the spontaneous 
GH secretion occurred in pulses under tm vitro conditions. It is 
interesting to speculate that in the goldfish the basal GH levels, in 
contrast to elevated levels, may depend on a GH releasing factor as 
postulated by Peter and McKeown (unpublished results; see Chapters3).-, 
although other studies have provided only limited (see Chapter 3) or 
no data (Fryer, 1981) to support such a hypothalamic factor for the 
goldfish. 

The finding that SRIF is capable of inhibiting the release of 
GH in a variety of mammals (for reviews: Chiodini and Liuzzi, 1979; 
MacQuillan, 1980) and from pituitary glands of the domestic fowl 


(Hall and Chadwick, 1976) and the teleost, S. mossambtcus 
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(Fryer et al., 1979) has been obtained using a wide variety of 
independently developed and validated GH RIAs and RRAS. Thus, the 
finding that SRIF caused a significant reduction in serum ir GH 
levels in goldfish at 1.5 hr following the second injection is impor- 
tant for two reasons. First, it confirms and extends the results of 
Fryer et al. (1979) by demonstrating the same effect of SRIF on fish 
pituitaries which are in the normal communication with the hypothala- 
mus, as opposed to 7” vitro conditions. Secondly, this result implies 
that the cGH RIA developed in Chapter 1 shares, in common with a wide 
variety of RIAs and RRAs, the property of measuring the inhibition of 
GH caused by SRIF in a homologous or near-homologous system. 

In male goldfish acclimated to 12 + 1% and a 16:85 light-dark 
cycle, two ip injections of 1 and 0.5 ug SRIF/g BWt resulted in a 
very marked post-inhibitory rebound in serum ir GH levels at 24 hr 
post-injection. In a separate experiment conducted under Similar 
conditions two ip injections of l ug SRIF/g BWt also resulted ina 
significant post-inhibitory rebound in serum ir GH levels at 24 hr 
post-injection. With the lowest dose of SRIF (0.1 ug/g BWt), the 
post-inhibition rebound was detectable earlier, by 6 hr post-injection. 
In the combination experiment (Table 2.11), two ip injections of SRIF 
(1 ug/g BWt) caused an inhibition of serum ir GHeleveil satel <5 hr, Dut 
was not associated with a statistically significant rebound effect at 24 
hr following the second injection, although the results are suggestive 
of an increased level at the 24 hr sample. Since the combination 
experiment was performed after acclimation to 24 + 2°c as opposed to 


12 = te used for the SRIF experiments and since the control 
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(both presample and vehicle-injected groups) serum ir GH levels were 
greater in the combination experiment than in the SRIF experiments, it 
is not possible to directly compare the results of these experiments. 
Consistent with the post-inhibitory rebound increase in goldfish, 
other studies have shown that at the end of SRIF infusions plasma GH 
rebounds to levels exceeding those measured in basal conditions in 
humans (Hall et al., 1973; Besser et al., 1974), baboons (Ruch et al., 
1974) and rats (Martin et al., 1974). The present study has clearly 
demonstrated the inhibitory action of SRIF on serum ir GH levels in 
the goldfish and illustrated similarities in the dynamics of the SRIF 
effect with that obtained in a variety of mammalian and avian species. 

Administration of synthetic mammalian TRH (1 ug/g BWt) to male 
goldfish caused a significant increase in serum ir GH levels at 24 Lene 
following the second of two injections given 12 hr apart, in comparison 
with both presample and vehicle-injected control groups. However, 
there was no detectable increase in serum ir GH levels at either 1.5 
or 6 hr after the second TRH injection. If the half-life of TRH in 
the goldfish is similar to that of mammals (about 5 min, Murad and 
Haynes, 1980) then the time course of the TRH effect in goldfish 
would suggest that TRH is not altering serum ir GH levels through a 
direct action on the pituitary gland. Additional studies and con- 
firmation of the present results are required before TRH can be 
considered to have a role in the regulation of serum GH levels in 
goldfish. 

The present data indicate that serum ir GH levels in female gold- 


fish can be altered by systemic injections of a variety of 
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catecholamines or drugs which alter the synthesis or action of 
catecholamines. Results of experiments completed between November 
and February suggest that NE elevates serum ir GH levels in female 
goldfish. NE (100 ug/g BWt) and clonidine (30 ug/g BWt), an 
a-adrenergic receptor stimulant drug, caused marked elevations in 
serum ir GH levels, whereas the catecholamine biosynthesis inhibitor 
AMPT (5 ug/g BWt) and the a-adrenergic receptor blocker, phentolamine 
(5 ug/g BWt) both caused significant decreases in serum ir GH levels. 
Reserpine (1 ug/g BWt) and the B-adrenergic blocker propranolol 
(5 ug/g BWt) were not associated with any change in serum ir GH levels. 
It may be relevant to note that the dose of NE required to elevate 
Serum ir GH levels in goldfish was large in comparison with that 
previously demonstrated to alter hemodynamics in teleosts (Wood, 1976; 
Payan and Girard, 1977). However, the finding that much lower doses 
of clonidine, AMPT and phentolamine caused marked alterations in serum 
ir GH levels, which corroborates those obtained with NE, favours an 
action of monoamines on GH secretion as opposed to a nonspecific 
alteration of GH distribution volume or clearance rate. These results 
then, are consistent with a stimulatory role for NE in the control of 
GH secretion in the female goldfish and are in agreement with studies 
in a variety of experimental mammals where considerable data supports 
the involvement of a-adrenergic receptors, inside the central nervous 
system (CNS), involved in the stimulation of GH secretion (for review: 
Muller et al., 1978; Bluet-Pajot et al., 1980). 

In direct contrast to the results of experiments on NE completed 


in the winter months (see above), experiments conducted in May and 
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June indicate that at this time of year NE lowers serum ir GH levels 

in female goldfish. In two separate experiments NE (0.1 and 1 ug/g 
BWt, Table 2.7; 10 and 100 ug/g BWt, Table 2.8) caused significant 
decreases in serum ir GH levels in female goldfish. An experiment 
completed in June, designed to investigate the time course of the 

serum ir GH response to NE, also demonstrated the inhibitory effect 

of NE (100 ug/g BWt); decreases in serum ir GH levels were detected 

at oOen Oso and 1, butenot aty2 or 6 hr, post-injection: The results 
of the present study demonstrate that the changes in serum ir GH levels 
in response to exogenous administration of NE differ, depending on time 
of year. If these monoamines exert their effect in female goldfish via 
a central action, altering the activity of hypophysiotrophic peptidergic 
neurons (SRIF or GHRF) as suggested by additional results of the present 
study (see below), then either the goldfish pituitary gland or the 
hypothalamus is capable of altering the response to the regulatory 
peptides and/or monoamines, respectively. It may be relevant to note 
that serum ir GH levels vary seasonally in female goldfish where serum 
ix GH measurements are much greater during August, at a time when 
growth rates of many spring spawning fishes are elevated, than in the 
winter months (see Chapter 4). The serum ir GH response to monoamines 
may be related to the sexual condition of female goldfish (for review 
of the goldfish ovarian cycle see: Hontela and Peter, 1978; Cook and 
Peter, 1980). In the period from November to February, when NE 
elevated serum ir GH levels, the GSI of female goldfish varied between 
3 and 6% (ovarian recrudescence); the GSI of goldfish used in experi- 


ments done in June and July when NE lowered serum ir GH levels 
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were between 2 and 3%, reflecting a sexually regressed state of ovarian 
development. Although the present study has not determined whether the 
changing serum ir GH response to catecholamines is part of a central 
mechanism regulating either the annual reproductive cycle or seasonal 
variations in serum ir GH levels in female goldfish, it is apparent 
that considerable caution must be exercised in comparing results of 
neuropharmacological studies in fishes carried out at different times 
of year. 

Systemic injections of both DA (1 ug/g BWt) and L-DOPA (50 ug/g 
BWt) resulted in significant elevations in serum ir GH levels at 1 hr 
post-injection in experiments completed between April and June. It is 
difficult to interpret the increase in serum ir GH levels observed in 
female goldfish, in response to ip administration of DA, since there 
was no evidence for a dose-response effect. If DA is unable to pene- 
trate the blood-brain barrier in fishes, as demonstrated for mammals 
(Weiner, 1980), DA may alter serum ir GH levels in the goldfish by a 
direct action on the pituitary gland. In contrast to DA, the amino 
acid precursor of catecholamines, L-DOPA, is able to penetrate the 
blood-brain barrier in mammals (Bianchine, 1980), and in the present 
Study caused a dose-response effect; increasing doses from 50 ug/g BWt 
resulted in progressive increases in serum ir GH levels to a maximum 
253% increase over control values with 200 ug L-DOPA/g BWt. The serum 
ir GH response to a combination of L-DOPA and CARBIDOPA was greater 
than that of an equivalent dose of L-DOPA alone. Furthermore, injec- 
tion of CARBIDOPA alone had no significant effect on goldfish serum ir 


GH levels. In mammals, CARBIDOPA is a potent inhibitor of L-DOPA 
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decarboxylation that is unable to penetrate into the CNS; since about 
95% of systemically administered L-DOPA is rapidly converted to DA in 
peripheral tissues (Bianchine, 1980), concurrent administration of 
both drugs causes an increase in the plasma concentration and half- 
life of L-DOPA resulting in greater CNS concentrations of L-DOPA 
(Bianchine and Shaw, 1976). If CARBIDOPA has a similar action in 
goldfish, it is apparent that results of the present study favour a 
central action of L-DOPA in elevating serum ir GH levels in goldfish. 
Since L-DOPA has been shown to exert its main effects by its decarboxy- 
lation to DA and/or NE (Bianchine, 1980), “and since in the present 
Study both DA and NE have been shown to alter serum ir CH levels, it 
is likely that the action of L-DOPA in goldfish is mediated by either 
DA or NE. The finding that NE decreases serum ir GH levels during the 
summer months in goldfish (see above) at a time when L-DOPA increases 
serum ir GH levels, suggests that DA may, in part, mediate this in- 
crease in response to L-DOPA. In support of this an experiment 
conducted in June (see Table 2.10) demonstrated that injections of DA 
resulted in elevated serum ir GH levels. 

In addition to demonstrating the inhibitory action of SRIF on 
serum ir GH levels, the present study has shown that SRIF (1 ug/g BWt) 
inhibits the L-DOPA induced stimulation of GH secretion in goldfish. 
The finding that two ip injections of a combination of SRIF and L-DOPA 
had no effect on serum ir GH levels, whereas injections of SRIF or 
L-DOPA alone resulted in a significant decrease and increase, res- 
pectively, suggests that the action of SRIF and catecholamines are 


interrelated in the control of GH secretion in the goldfish. 
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Since L-DOPA elevates serum ir GH levels via a Cencral action ain 
goldfish, probably via decarboxylation to DA or NE (see above ya te 1's: 
apparent that there are a number of possible mechanisms by which 
monoamines may interact with hypothalamic peptidergic neurons to 

alter GH secretion. Fig. 2.5 summarizes several possibilities which 
are all consistent with the data outlined above. Since the results oF 
Chapter 3, together with those of the present study, strongly support 
a role for SRIF in inhibiting serum GH levels in GOlGtPSne ke sis 
reasonable to speculate that L-DOPA may stimulate GH secretion by its 
conversion to DA within the CNS and subsequent inhibition of somato- 
statinergic neurons. The finding that NE decreased serum ix GH levels 
in the summer months at the same time of year SRIF was shown to 
inhibit ir GH levels, suggests that the L-DOPA effect was not mediated 
by an action of NE on SRIF release. NE could, however, increase the 
activity of somatostatinergic neurons causing the observed decreases 
in serum ir GH levels following NE administration in goldfish. Al- 
though much work is required to fully elucidate the mechanisms con- 
trolling GH release in goldfish, the present study has provided the 
original information clearly demonstrating the involvement of both 


catecholamines and SRIF in the regulation of GH secretion in fishes. 
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Diagrammatic representation of some possible 
mechanisms involved in the regulation of growth 
hormone (GH) secretion in the goldfish based on 
results of experiments done between April and 
June. Dopaminergic (DA) or noradrenergic (NE) 
neurons are diagrammed as stimulating (+) or 
inhibiting (-) hypothalamic peptidergic 
(somatostatin, SRIF; growth hormone-releasing 
factor; GHRF) neurons. In turn the SRIF and GHRF 
neurons could inhibit and stimulate GH release, 
respectively, by a direct action on the secretory 
cells of the goldfish pituitary wlandewincecias 
gram also indicates that DA could stimulate GH 
release by a direct stimulatory (+) action on the 


pituitary gland. 
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Chapter 3. EFFECTS OF HYPOTHALAMIC LESIONS ON SERUM GROWTH 
HORMONE LEVELS AND GROWTH RATES IN GOLDFISH, CARASSIUS 
AURATUS 


INTRODUCTION 


In spite of the potential importance of GH in the manipulation 
of the growth of teleost fishes (for review: Donaldson COC a1 9719) 
there is little known about the control of GH secretion in teleosts 
(for reviews: Ball et al., 1972; Holmes and Ball, 1974; Peter, 1973; 
Peter and Fryer, 1981). Experiments involving pituitary transplant- 
ation and culture have not provided any clear indication as to either 
the presence or nature of the neuroendocrine control of GH secretion 
in fishes. Pituitary autotransplants in the molly, Poectlta 
Lattpimna, were presumably Secreting GH without hypothalamic support, 
as suggested by the slight growth shown by grafted fish observed over 
a period from 3 weeks to 8 months (Ball et al., 1972). In addition, 
somatotropic cells of the eel, Angutlla anguilla (Olivereau and 
Dimovska, 1969; Olivereau, 1970), stickleback, Gasterosteus aculeatus 
(Leatherland, 1970a,b) and Gambusia sp. (Chambolle et al., 1981) 
pituitaries all retain approximately normal appearance after trans- 
plantation, although GH cells of P. formosa appear less active and 
fin regeneration was slower than normal after pituitary homotrans- 
plantation (Ball et al., 1965; Olivereau and Ball, 1966). Similar 
to the results obtained using the eel and stickleback, Kayes (1977a) 
demonstrated that the black bullhead, Ictalurus melas, showed only 


small increments in linear growth after pituitary autotransplantation. 
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The results of these pituitary transplant studies Suggest that GH 
secretion by the teleost pituitary gland is normally under a tonic 
level of stimulation by its connections with the hypothalamus, 
perhaps by a GHRF. 

A number of tm vitro organ culture studies have used PAGE to 
measure GH (see GENERAL INTRODUCTION) released into the medium by 
eel pituitary glands (Ingleton et al., 1973; Baker and Ingleton, 
1975). Since significant amounts of putative GH were released into 
the medium for 2 or more weeks in culture, and since histological 
analysis indicated that the somatotrope cells appeared to be main- 
tained well over this period, it was presumed that the GH cells of 
the eel pituitary gland were capable of at least some autonomous 
Secretion (Baker and Ingleton, 1975). In contrast to the results 
obtained using eel pituitaries, when rainbow trout (Salmo gatrdnert) 
pituitaries were cultured, putative GH, measured by PAGE and densi- 
tometry, was released at a Steadily decreasing rate with time in 
culture, and histological signs of somatotropic hypoactivity were 
evident as early as 1 week (Baker 19637) Baker 1971 cited in Ball 
et al., 1972), suggesting that hypothalamic support (e.g. a GHRF) 
is necessary for the maintenance of GH secretion in the rainbow trout. 
It is apparent that there are differences in Fesults oL pituitary 
culture experiments involving different teleost Species, and between 
results of pituitary culture and transplant studies. Furthermore, 
these experiments can not determine whether the pituitary gland in 
the intact fish is normally under a stimulatory and/or inhibitory 


influence from the teleost hypothalamus. 
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More recently Hall and Chadwick (1978) have provided evidence 
for a GHRF in the eel hypothalamus. Acid extracts of eel hypothalami 
caused significant increases in the amount of putative GH, as 
measured by PAGE and densitometry, released into the medium of eel 
pituitary glands cultured in vttro (Hall and Chadwick, 1978). In 
addition, Hall and Chadwick (1979) demonstrated that hypothalamic 
extracts from the flounder, Pleuronectes flesus, and eel, A. anguilla, 
but not the cod, Gadus gadus, increased GH release into the medium 
from chicken pituitaries incubated tn vitro. Although these results 
provide support for a teleost GHRF, it is relevant to note that the 
PAGE and densitometric technique for GH measurements has not been 
fully evaluated for use with medium from teleost pituitary gland 
cultures (see GENERAL INTRODUCTION). 

Recently Fryer (1981) indicated that the goldfish (Carasstus 
auratus) hypothalamus can influence the somatotrope activity of the 
pituitary gland. Following electrothermic lesions of the nucleus 
preopticus (NPO), both light and electron microscopical observations 
of the pituitary gland indicated enhanced secretory activity of the 
somatotropes (Fryer, 1981), suggesting that this hypothalamic nucleus 
was involved in the inhibition of GH release in goldfish, perhaps by 
a SRIF-like neuropeptide. Lesions of the telencephalon anterior or 
dorsal to the NPO had no cytological effect on the GH cells. In 
common with other histophysiological endocrine studies, the 
correlations between histological or ultrastructural criteria and 


hormone synthesis, storage or release after lesioning (Fryer, 1981), 
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are speculative without additional information regarding serum and 
pituitary hormone levels, as well as measurements of the hormone 
clearance rate (see: Schreibman et al., 1973; McKeown and Peter, 
1976; Cook and Peter, 1980). Other studies also suggest that hypo- 
thalamic lesions can influence GH secretion in the goldfish. Lesions 
in the nucleus anterior tuberis (NAT) and large lesions involving 
most of the nucleus lateralis tuberis (NLT) and NAT caused a 
significant decrease in serum GH levels as measured by heterologous 
RIA, suggesting the presence of a GHRF in these brain areas (Peter 
and McKeown, unpublished results). The finding that lesioning the 
NPO in goldfish had no significant effect on serum GH levels at 4 
weeks post-lesioning (McKeown and Peter, unpublished results) may be 
considered at variance with a comparable study by Fryer (1981) where 
Similar lesions produced marked alterations in goldfish pituitary 
ultrastructure at 3 weeks post-operation (see above). While differ- 
ences between these two studies may be explained on the basis of 
different sampling times post-lesioning, or the possible presence of 
daily variations in serum GH levels in goldfish (see Chapter 4), it 
is apparent that additional lesioning studies are essential to 
determine what role the hypothalamus may play in the regulation of 
GH secretion in goldfish. Furthermore, the validity of heterologous 
RIA measurements of GH used in their study (McKeown and Peter) has 
been questioned (Nicoll, 1975; see GENERAL INTRODUCTION) and until the 
RIA is further validated the substance(s) measured is uncertain. 


It is clear that there are difficulties in interpreting invest- 
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igations of the hypothalamic control of GH secretion based on results 
of pituitary transplant and culture experiments, and that there are 
difficulties in interpreting results based on GH measurements made 
with both the heterologous RIA (McKeown and van Overbeeke, 1972) and 
the PAGE and densitometry methods (Ingleton et al., 1973). In the 
present study the effects of a variety of hypothalamic radiofrequency 
lesions on both growth increments and serum ir GH levels were 
determined to investigate the hypothalamic control of GH secretion 

in the goldfish. Since the cGH RIA has been fully validated (see 
Chapter 1) and since changes in BWt and standard length (SL) will be 
determined concurrently with serum ir GH levels, the present study 
will provide a major advance over previous investigations of the 


hypothalamic control of GH secretion in fishes. 
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MATERIALS AND METHODS 


ele General Procedures 
The source and general procedures for Maintenance and acclima- 


tion of goldfish were as described in Chapter 1. 


II. Experiments 

Expertment 3.1. (July - August, 1977) 

In Experiment 3.1, 135 male and female Govet: shi 25233 2a0nsolg 
BWt, X + SE) were divided evenly between four 96 2 flow-through 
aquaria. The fish were acclimated for 4 weeks to 2] + 1°@eand -a 
16L:8D light-dark cycle (lights on at 08:00 hr). At the start of the 
acclimation period all fish were anaesthetized with MSs 222e(SandozZ) 
and individually tagged with metal opercular clips before BWt and 
length were determined (see below). During the acclimation period, 
morphometry was recorded weekly to ensure that all fish used in the 
experiment were growing in a similar manner. Fish showing erratic 
growth increments or weight losses during this period were removed 
from experimental aquaria and not included in subsequent data 
analysis. Fish were fed terramycin-treated Ewos (size 5P) pellets at 
about 2% of BWt/d, twice daily at approximately 08:00 and 17:00 hr, 
except on the days of lesioning and blood sampling (see below). 

At the end of the acclimation period the fish in each aquarium 
were divided into three groups: a normal control group, a sham- 
operated group and a brain-lesioned group. Radiofrequency lesioning 


and sham operations were performed as described by Peter and Gill 
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(1975) using size 0 stainless steel insect pins as electrodes. 

Lesions were made using a voltage of 70 to 85 mV for 30 sec, and the 
coordinates for electrode placement were as follows: nucleus 

anterior tuberis (NAT), +0.4, M, D 2.4; nucleus lateralis tuberis 

(NLT), +0.6, M, D 3.4; nucleus BECORPET CUS  (NPO) +100", De): 

and for bilateral lesions of the nucleus recessus lateralis (NRL), 
Potten hp 1) eo tanNOetO rl ter Osi prlee co. Arter lesioning or sham- 
Operation, morphometry was measured for 4 weeks as described below. 
Weekly growth increments in BWt and standard length (SL) were determined 


for each group according to 


ene OPO ana en ok L0G 
We aes Saal 
B 0 Ue 


where ae and at represent BWt and SL at week n, respectively and 
BWty and SL represent BWt and SL at the time of lesioning. Thus all 
the growth increments of the present study (see RESULTS) represent 
the per cent change in BWt or SL relative to the time of operation 
(i.e. week 0). Preliminary analysis of changes in BWt or SL during 
the 4 week duration of Experiment 3.1 showed Significant 
differences between weeks for individual treatment groups, indicating 
that calculation of average relative instantaneous growth rates as 
used for the cGH bioassay (see Chapter 1) would be unreliable in 
estimating the effects of lesioning on growth in this study. Between 
11:00 and 13:00 hr on the day of the last weighing and on the two 
subsequent days, blood samples (about 200 u1) were collected and 
serum processed for the cGH RIA as described in Chapters 1 and 2. 


Results of serum ir GH measurements are based on only the first blood 
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sample. Small differences in numbers between serum ir GH and growth 
measurements for several groups (see RESULTS) were due to the 
inability to obtain the first blood sample from several fish. After 
the third blood sample, the fish were killed in excess anaesthetic 
before the brain, together with the portion of the parasphenoid bone 
containing the pituitary gland, were dissected and fixed in Bouin's 
solution. Histological procedures were as described by Peter and 
McKeown (1974). The placement of lesions was determined histologi- 
cally and fish were excluded from analyses only if the lesion ‘failed 
to destroy more than 50% of the particular hypothalamic nucleus. 
Gonads were also dissected and weighed at the end of the experiment 
for the determination of gonosomatic index (GST) (Cook and Peter, 
1980). In both Experiments 3.1 and 3.2 the Majority (86%) of all the 
goldfish among the various treatment groups were sexually regressed 
females (GSI = 2.01 + 0.17%, X + SE, N=106 for all female fish 
pooled) and there were never more than 3 males ina Single group. 

The male goldfish included in these experiments were also ina 
regressed sexual state (GSI = 1.39 + 0.103, xX + S5, NSLS aces sili mele 
fish pooled). Since there were no detectable differences between 
male and female goldfish in either BWt or SL increments or serum 

ir GH levels regardless of treatment group, data from both sexes were 


pooled for statistical analyses. 


Experiment 3.2. (September - October, 1977) 
For Experiment 3.2, 65 goldfish (24.20 + 0.63 g BWt, X + SE) 


were placed in a single 293 2 flow-through aquarium and acclimated 
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for 4 weeks to 21 + 19°C and a 12L:12D light-dark cycle (lights on at 
08:00 hr). The method and time of BWt and SL measurements and method 
of feeding were the same as for Experiment 3.1. In ad@daitaon a E.sh 
showing erratic growth increments during the 4 week acclimation 
period were removed from the experimental aquarium and were not 
included in the data analysis. At the start of the experimental 
period the fish were divided among 4 groups: a normal control group, 
a sham-operated group and two brain-lesioned groups. In this experi- 
ment lesion coordinates were +0.04, M, D 2.2 for the NAT and spl ep 

M, D 2.1 for the NPP and the voltage used varied between 85 and 

105 mV. Other procedures were identical to those described for 
Experiment 3.1, except that plasma, instead of serum, was collected 


using the method of Weigand and Peter (1980). 


III. Carp Growth Hormone Radioimmunoassay 


Details of the cGH RIA are as described in Chapter 1; 


IV. Statistical Analyses 
Results were analyzed by Student's t-test (Steel and Torrie, 


LIGO).. 


RESULTS 


For Experiment 3.1, the effects of hypothalamic lesions on 
growth increments are shown in Tables 3.1 to 3.4 and the serum ir GH 
levels are summarized in Table 3.5. As shown in Table 3.1, lesions 
in the NAT caused a significant decrease in length increments 
throughout the 4 week post-lesion period compared to sham controls, 
but not in comparison to the normal control group. NAT lesions had 
no significant effect on changes in BWt at any time during Experiment 
3.1. Lesions of the NLT resulted in a significant increase in length, 
but not weight, at 1 week after lesioning, compared with the normal 
control but not the sham-lesioned control group (Table 3.2), but for 
weeks 2 to 4 there were no significant differences in either BWt or 
SL increments among normal control, sham control or NLT-lesioned 
goldfish. Lesions involving the NPO or bilateral lesions of the NRL 
had no effects on either weight or length changes during the experi- 
ment (see Tables 3.3 and 3.4, respectively). As shown in Table S25, 
lesioning the NAT, NLT, and NPO in Experiment 3.1 had no Significant 
effects on serum ir GH levels. Although bilateral lesions of the 
NRL in Experiment 3.1 resulted in significantly elevated (pes 0.01) 
serum ir GH compared to the sham control group, the lesion group was 
not significantly different from the normal control group (statistics 
not included in Table 3.5). 

In contrast to Experiment 3.1, lesioning the NAT had no effect 
on either BWt or SL increments in Experiment 3.2 (Table 3.6). Lesions 


involving the NPP resulted in a significantly greater BWt increment 
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TABLE 3.1 


Effects of lesioning the nucleus anterior tuberis (NAT) on body weight 
(BWt) and standard length (SL) increments in goldfish (Experiment 3.1). 


ee ee eee eee eee 
a ge te 


weeks 
post- normal sham NAT 
lesion Control control lesioned 


N 26 7 14 
1 2 3 
it 0.26 thon 23 3 1670 6S 0. 7AS en0ws7 
4 3 
Piper eise 2 DET ie 6.30 4.09 & 0.94 1) 74te O54 
over 
ON Ree es 4.22 + 0.42 6.40 + 1.44 3.60 = 0.50- 
3 5 
4 5.26 4 ©.49 6.05 21.03 A 96-2 0.45 
l 122 soe Ae ee 17509) 1602 
& Siereees 2 9.18 —0.83 10,9052 3.14 Fe50 Fates] 
over 
initi BW 
pet aT BWC 12.09 4+ 0.98 16106 + B86 13.69 4 0.99 
4 177 ol 19.01 = S20c 13257 + O88 


uk All data are X + SE. 

2 Significantly different compared to normal control value (p < 0.01). 
3 Significantly different compared to sham control value (Diss O05). 

4 Significantly different compared to sham control value (De e0 02). 


5 Significantly different compared to sham control value (p < 0.01). 
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TABLE «3 32 


Effects of lesioning the nucleus lateralis tuberis (NLT) on body weight 
(BWt) and standard length (SL) increments in goldfish (Experiment 3.1). 


8 es 
a ee eee ee eee 


weeks 
post- normal sham NLT 
lesion control GontEGol lesioned 
N 26 6 kG 
1 2 
iL. ORT On sul ee Oma O aS IL AVA ae 0), XS} 
% increase 2 Ate = Oo 3O 2 Ake) a ILO 2 aor On43 
qin, Gib 
3 Al tk se Oe aiil BS Oneal OG Al ISIS) SE (0) Alva) 
4 Boe a2 O5a7 BGO ax ale si bo 3S 2 O62 
1 Sol 28 Ole Wik L592 se IL 89) 3558) 2 O, 7/o 
% increase Ds OF ieee On SS 5 Oi se 3507 Ws2sy se 0), 92 
in BWt 
3 WAS Sh ae Osos LiL AS sa 8.94 P59 S ates 
4 WG SS) ae dl 42S) WiLSOS se alah Leo 3s = 186 


at All data are x + Sie 


2 Significantly different compared to normal control value (p < 0.05). 
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TABLE 3.3 


Effects of lesioning the nucleus preopticus (NPO) on body weight (BWt) 


and standard length (SL) increments in goldfish (Experiment 3.1). 


ee 
ee a es ee ee 


weeks 
post= normal sham NPO 
lesion control COnEGO! lesioned 
ee ee ee ee ee ee et ee 
N 27 6 aS 
a2 
a DeA®. ae OAs Isa? & Ole ASO sie 
% increase 2 We96) = OL 34 7 45) ae 0) .21@) Ze SOOM, 
over initial 
ae 3 OO OAS AO Os 65 AiG me Opes 
4 564A = OQSil BoA sf On6o Se COM mOROne 
iL Ie@ek ss O73 AAS a Ie Soseh se imal 
% increase 2 Ses meee OS 2 fA Ss hee A (32 se il. 2S) 
over initial 
BWt 
3 dik, Sis} Ge al ih Vos) 2 PBS 8.645 1290 
4 Ik %) se iL, BS WA 64, se S14 WSR P/F) ae ys ALG 


t—~All“data-are*X-+-SE* 
Z Significantly different compared to sham control group. (p=. 0502); 


3 Significantly different compared to normal control group 
(p29 0.05)2 
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TABLE 3.4 


Effects of bilateral lesioning of the nucleus recessus lateralis (NRL) 
on body weight (BWt) and standard length (SL) increments in goldfish 
(Experiment 3.1). 


weeks 
post- normal sham NRL 
lesion COM EGO! COneEcol lesioned 
a ae i ee en ee eee i ee 
N Dai 4 al 
iL Ona Gus 29+ Omen OP ou, IOS ee OZ69 
% increase 2 PSS) a2 0), 3S 329) ERO 296 B67 SB Oe49 
over 
Ne) ee 4.74 + 0.43 A699 1 4.50 + 0.47 
4 5.99 2 ©.51 G65 2 2o4@ On om On GS 
i Ps ON ais (Oe 7 2594 2 O84 Se Ome tO SiG 
% increase 2 NAG ae OSs Bod se oil 7S SoS se hy 
over 
eet | 12.74 + 0.97 9.58 + 4.44 13.15 + 1.72 
4 I 82 ae ik Be 1257S 2 6.3/7 UA o8S a 25a 


i All data are x ae Sa 
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TABLE 3.5 


Effects of lesions in the nucleus anterior tuberis (NAT), nucleus 
preopticus (NPO), nucleus lateralis tuberis (NLT) and bilateral lesions 
of the nucleus recessus lateralis (NRL) region on serum immunoreactive 
growth hormone (ir GH) levels in goldfish at 28 days post-lesioning 
(Experiment 3.1). 


a ee ee ee eee 
Se Se eee eee eee 


ng ir GH per ml serum 
an ee tee ee ee ee ee ee eee 


lesioned normal sham 
area control control lesioned 
N 6 i 13 
= 1 
NAT X Tese7o TUNG 18.67 
+ + = 
SE 1.05 0.95 0.98 
N qi 6 15 
NPO xX 20.06 22826 25907 
as a eke 
SE 1.44 1.86 AS 
N 6 6 16 
NLT x ie a). Del, Ne 23na0 
SE Lee ieee 1.39 
N 7 4 uli 
NRL Xx 20.69 11.89 21.46 
- - + 
SE 1.16 0.86 Sil 


1 All data are X + SE. 
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TABLE 3.6 


Effects of lesioning the nucleus anterior tuberis (NAT) on body weight 
(BWt) and standard length (SL) increments in goldfish (Experiment 3.2). 


Sia ee ee 
SS SSS Se SS ee ee ee 


weeks 
post- normal sham NAT 
lesion control control lesioned 
ee ee ee re 
N ILS 10 10 
IL AOS a nO 437 SO Cue Om ow, 3279. +7 0),89 
% increase 2 5592 2 O46 5s = O46 30 55O8 2 id ile 
over 
eupte lee! 3 8.42 + 1.06 6.61 + 0.72 7.58 + 0.98 
4 9.88 22 O47 7 FO = ©. S34 a 1.62 
It 25a) ar O. 7S OR Aa OmO) GA ae Ah aoe 
% increase 2 Q598 a O~6 74 St4) ae 1669 LO>40 se 2 WAL 
over 
ye LONE 5 TOR eh Selo Ca > OF lol ase + as 93 
4 Dal, 22 OO 16,02 = 3,6€ Is iS 22 I. 6e 


1° All data are’X # sE_ 
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at 4 weeks post-lesioning, compared to both normal and sham control 
groups (Table 3.7). Furthermore, BWt increments of the NPP-lesioned 
group were also greater than those of both the sham and normal 
control groups at all 4 weeks of Experiment 3.2, although the 
differences were not statistically significant until week 4. At 4 
weeks postoperatively the NPP lesions also caused a Significant 
increase in the SL increment compared to the sham control group, and 
tended to a significant increase in comparison with the normal con- 
ered group (© = 1°67,.2) dif» <= 0.10; Table-3.7). It is of 
interest to note that the increases in BWt and SL increments in the 
NPP-lesioned group were significant (Table 3.7, Experiment 3.2) in 
spite of the fact that the growth of the normal control group in 
Experiment 3.2 was significantly greater than that of Experiment 3.1. 
In Experiment 3.2 there were no significant effects on serum ir GH 
levels compared to the normal or sham control groups as a result of 
lesioning the NAT (Table 3.8). However, lesions involving the NPP 
resulted in a marked increase in serum ir GH levels compared to 
both the normal and sham control groups at 4 weeks post-lesioning 
(Table 3.8). At week 4, analysis of BWt increments and serum ir GH 
levels of individual fish for the normal and sham control groups and 
the NPP-lesioned group revealed a positive correlation between the 
two; with increasing serum ir GH levels, the growth increment 
increased (Nig. 13.1). 

Fig. 3.2-l1 shows a representative cross-section through the 
forebrain of a sham-operated goldfish for comparison with a section 


at about the same level from the forebrain of a fish with a midline 
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TABLE 3. ¢ 


Effects of lesioning the nucleus preopticus periventricularis (NPP) on 
body weight (BWt) and standard length (SL) increments in goldfish 
(Experiment 3.2). 


$$$ 
ee 


weeks 
POSES normal sham NPP 
lesion COneEZol control lesioned 
N LES LZ 9 
iL re) eto (0) a3 Ze Ome OMOS Si5 5S) ae OSS 
% increase 2 G2 at O,a@ Ap meee Ole 51. say se @..5il 
over 
gueetal Sh. 3 8.42 401.06 Tod 400075 838 480.71 
4 © sis) se Os 77 2502 a On 84! Ws <2 © 70° 
af Do da & O78 1.58 2 @.52 2 See On OS 
% increase 2 M598) a O74 8,35 se O85 HOR Sera oul 
over 
RESET ae Brea Uyei9 4.0082)» 17.00 4 062, 10 9G 37 
4 DE NB 2 On 98 Dei a OK SC DE BS se shade 


1 All data are X + SE. 


2 Significantly different compared to sham control value (p < 0.05). 


3 Significantly different compared to normal control (p < 0.01) and 
sham control (p < 0.02) values. 
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TABLE 3.8 


Effects of radiofrequency lesions in the nucleus anterior tuberis 
(NAT) and the nucleus preopticus periventricularis (NPP) on serum 
immunoreactive growth hormone (ir GH) levels in goldfish at 28 days 
post-lesioning (Experiment 3.2). 


Se SE ee ee ee 
—— SS eee ee eee ee 


ng ir GH per ml serum 
ee eee ee ee es Pe Oe 


lesioned normal sham 
area COniteon COmEno lesioned 
N IBS) © 6 
NAT x 27Roo 27205 24.85 
+ = = 
SE Sis Syl al 5 IL8} 2.76 
N 15 2 9 
NPP x 2729 22.50 40.23% 
+ = = 
SE Be Sul thy Sy 3), (89) 


al Significantly different compared to both normal and sham control 
vemlues (p<. .0 01), 
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Regression of per cent increase over preoperative 
body weight (BWt) on serum immunoreactive growth 
hormone levels (ng ir GH per ml serum) at 4 weeks 
post-lesioning. The solid circles, solid tYri-= 
angles and open diamonds represent the nucleus 
preopticus periventricularis (NPP) lesioned 

group (N=9), the sham NPP-lesioned group (N=12) 


and the normal controls (N=15), respectively. 


Per cent increase in BWt = Y; ng ir GH per ml 
Serum = |X; pb = Signiticanee Ofsdlteerencegom 
regression coefficient from zero; N = number of 
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Big. 3 2s. Representative cross-section through the fore- 
brain of a sham-operated goldfish at 4 weeks 
post-operative. The horizontal bar represents 


1/50) jue. 


DRS ie, Sah Representative cross-section through the fere= 
brain of a goldfish with a midline radiofrequency 
lesion (arrows) of the nucleus preopticus 
periventricularis at 4 weeks post-operative. 


The horizontal bar represents 150 um. 


BELG. S237. Higher magnification of lesioned area. Note 
extensive periventricular neural degeneration 
with necrotic debris. The horizontal bar 


represents 40 um. 
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i wpa 


lesion (arrows) of the NPP (Fig. 3.2-2). At 4 weeks post-operation 
the lesioned area of the hypothalamus showed histological evidence of 
coagulation necrosis (Fig. 3.2-3), including extensive replacement of 
neural tissue by connective tissue. There was no evidence of 
degeneration in brain areas other than at the site of lesioning, 
regardless of the hypothalamic coordinates used in the present study. 
Fig. 3.3 is a summary diagram of lesions of the individual fish 
included in the NPP-lesioned group. Of the 9 fish included in this 
group there was virtually complete destruction of the entire NPP. In 
addition, in 4 fish the lesion extended in a posterior and posterior- 
ventral direction to damage the NPO and part of the nucleus anterioris 


periventricularis<(NAPv) (Fig. 323). 
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A diagram of a parasagittal section of the gold- 
fish forebrain (approximately 150 um lateral to 
the midline) showing the common area of destruc-— 
tion caused by radiofrequency lesions located 
primarily in the nucleus preopticus periventricu- 
laris of fish in Experiment 3.2. The drawing is 
magnified approximately 30 xX. Terminology is as 


described by Peter and Gill (1975). 


AC, anterior commissure; HOC, horizontal 
commissure; NAPv, nucleus anterioris 
periventricularis; NAT, nucleus anterior 
tubetis; NH, nucleus habenularis;: NLT, nucleus 
lateralis tuberis; NPO, nucleus preopticus; NPP, 
nucleus preoptic periventricularis; NRL, nucleus 
recussus lateralis; ON, optic nerve; PIT, 


pituitary gland. 
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DISCUSSION 


The present study demonstrates that destruction of the NPP in 
goldfish results in an increase in both growth, as indicated by 
changes in BWt and SL increments, and serum ir GH levels at 4 weeks 
after lesioning. The difference in BWt increments between NPP- 
lesioned fish and both sham and normal control groups increased with 
time after lesioning, although the effect was not statistically 
significant until the fourth week. These results suggest the in- 
volvement of the NPPin inhibiting GH Secretion in goldfish. In 
Support of the present results Fryer (1981) showed that at 14 days 
after the placement of large lesions in the NPO and much of the NPP, 
there was a marked increase in nuclear area of the presumed GH cells 
in the goldfish pituitary. At 21 days after lesioning the NPO there 
was a marked reduction in the number of both type A neurosecretory 
fibres innervating GH cells and hormone granules; in addition a 
proliferation of rough endoplasmic reticulum (RER) was evident, 
suggesting increased GH Secretion (Fryer, 1981). In his study, 
bilateral lesions of the NPO were 900 um in length, 400 um in width 
and completely destroyed the NPO and NPP with the exception of a few 
cells of the NPO posteriorly and of the NPP anteriorly (Fryer, 1981). 
Since in the present study lesions of the NPP, but not the NPO, were 
GrLective in increasing Growtmand 11 GH devels, it) ics likely the 
apparent enhancement of GH secretion after combined NPO/NPP lesions 
suggested by cytological and ultrastructural evidence (Fryer, 1981) 


was primarily due to destruction of only the NPP. 
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In contrast to lesioning the NPP, lesions of the NAT in female 
goldfish resulted in significant decreases in growth in comparison 
with sham-operated fish, as indicated by changes in SL increments 
(Experiment 3.1). These results suggest that the NAT may play a stimu- 
latory role in GH secretion in goldfish. While the inhibition of SL 
increments, relative to the sham control group, was evident at all 4 
weeks of the post-operative period in the NAT-lesioned fish in Experi- 
ment 3.1, these decreases were not significantly different from the 
normal control group. Although BWt increments of NAT-lesioned fish 
were not significantly different compared to either control groups, it 
is apparent that the BWt increments follow a similar pattern to the SL 
increments of this treatment group (see Table 3.1). Peter and McKeown 
(unpublished results) have also provided evidence that the NAT is the 
origin of, or involved with the secretion of some factor that stimu- 
lates GH secretion in goldfish. Lesions in the NAT region and in 
the combined NAT-NLT-NPP region caused decreased serum ir GH levels 
(Peter and McKeown, unpublished results) measured using the hetero- 
logous GH RIA developed by McKeown and van Overbeeke (1972) (also 
see GENERAL INTRODUCTION). In the present study, serum ir GH levels 
in NAT-lesioned fish were not significantly different from the con- 
trol groupsin either Experimentesiiis.or 34.2, win spite tomithe: effects 
on SL increments (see above). However, since significant daily and 
hourly fluctuations in serum ir GH levels have been demonstrated in 
goldfish (see Chapter 4) and since blood samples were collected at a 
single time of day in these studies, it is not possible to rule out 


an effect of NAT lesions on serum ir GH levels in goldfish. Further 
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investigations are required to determine the temporal sequence of 
serum ir GH changes, if any, following NAT lesions in goldfish. 

In summary, the results of NAT lesioning in goldfish in the present 
study and that of Peter and McKeown (unpublished results) in conjunc- 
tion with earlier pituitary transplant and culture studies (see 
INTRODUCTION), provide indirect support for a GHRF in teleosts. 

In Experiment 3.2 lesioning the NAT did not result in significant 
effects on either BWt or SL increments at any of the sample times 
after lesioning. Since the experimental procedures used in these 2 
experiments were very similar (see MATERIALS AND METHODS) it is 
possible that the different growth response to NAT lesions in gold- 
fish between Experiment 3.1 (July to August) and Experiment 3.2 
(September to October) is related to the time of year. While it is 
premature to postulate a mechanism for the contrasting effects of 
NAT lesions at the two different times of year, such differences 
could exist since the changes in serum ir GH response to exogenously 
administered monoamines have been shown to differ at different times 
of year (see Chapter 2) and serum ir GH levels in female goldfish 
exhibit marked variations depending on both temperature and time of 
year or photoperiod (see Chapter 4). 

An important finding of Experiment 3.2 was the relation between 
serum ir GH levels and BWt increments of normal control and NPP and 
sham NPP-lesioned fish at 4 weeks post-operative. When data from 
these groups were combined there was a significant dependence of 
serum ir GH levels on BWt increments; serum ir GH levels were higher 


in fish that had greater BWt increments (see Fig. 3.1). Since marked 
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variations in serum ir GH levels can occur in less than 0.5 hr in 
goldfish (see Chapter 4) and since the collection of blood samples in 
the present study was performed over a 2 hr period, it is likely that 
the pattern of serum ir GH levels from individual fish included in 
Fig. 3.1 was altered by lesioning the NPP, resulting in either a tonic 
elevation in serum ir GH levels and/or an increased frequency of GH 
secretory bursts. The finding that greater BWt increments were 
related to serum ir GH levels suggests that the cGH RIA developed and 
validated in Chapter 1 measures circulating GH in goldfish that is, 
Steleast. in pase, responsible tor growth in goldfish. “In support of 
this, preliminary data presented in Chapter 1 indicated that the 
rabbit anti-cGH serum used in the RIA cross-reacts with endogenous, 
circulating biologically active GH in goldfish, causing a slowing of 
growth. 

The results of lesioning experiments and GH secretion in gold- 
fish assume greater importance in view of the recent demonstrations of 
SRIF in the hypothalamus of teleost fishes (for review: Crim et al., 
1978). SRIF has been measured by RIA in whole brain extracts of 
hagfish and catfish (Vale et al., 1976) and tilipia (King and Millar, 
1979), and has been identified in the hypothalamo-hypophysial complex 
of rainbow trout (Salmo gairdnert) with an immunofluorescence tech- 
nigue (Dubois et al., 1974, 1978). More recently, Dubois et al. (1979) 
investigated the anatomical distribution of SRIF in the brain of 
rainbow trout, and found immunoreactive perikarya in three hypo- 
thalamic nuclei, including the NPP, NLT and an unnamed dorsomedial 


hypothalamic nucleus. Notably, the staining appeared to be more in- 


tense and there were more reactive cells in the NPP than in the other 
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two locations (Dubois et al., 1979). In addition, these authors 
noted that SRIF immunoreactivity in the NPP was quite apart from the 
NPO, and that in some fish nearly all the NPP perikarya showed a very 
strong immunofluorescent reaction. Results of hypothalamic lesioning 
in goldfish in the present study and those of Fryer (1981) are con- 
sistent with the studies of the distribution of SRIF immunoreactivity 
in rainbow trout (Dubois et al., 1978, 1979) inasmuch as the hypo- 
thalamic areas noted for SRIF immunoreactivity were also the regions, 
which when lesioned, resulted in increases in either growth rates and 
serum ir GH levels,or histological and ultrastructural evidence of 
increased pituitary GH secretion. 

It is relevant to note that SRIF detected in the hypothalamus of 
tilapia (Sarotherodon mossambtcus) is probably immunologically 
identical to synthetic mammalian SRIF and that SRIF extracted from 
hypothalami of tilapia chromatographs similar to that of several 
vertebrate species (King and Millar, 1979). Recently, Fryer et al. 
(1979) showed that SRIF inhibited GH, as measured by RRA, released 
from tilapia pituitary glands maintained in an tn vttro culture 
system. In vtvo studies in the goldfish have also shown that syn- 
thetie SRIF can inhibit sérumireGH levels in 4 dese-dependent manner 
(see Chapter 2). Assuming that the distribution of SRIF in the 
brain of goldfish, if present, is similar to that of the rainbow 
trout (Dubois et al., 1979; and see above), then the results of the 
present study suggest that the increase in growth detected in gold- 
fish after lesioning the NPP is due to destruction of somato- 


statinergic neurons in this nucleus and the resulting increase in 


circulating GH levels. 
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Chapter 4. DAILY AND SEASONAL VARIATIONS IN SERUM IMMUNOREACTIVE 
GROWTH HORMONE LEVELS IN THE GOLDFISH, CARASSIUS AURATUS 


INTRODUCTION 


Soon after RIAs for mammalian anterior pituitary hormones came 
into routine use, it was found by frequent sampling that blood 
levels of pituitary hormones often fluctuated abruptly (Quabbe et al., 
1966; Gallagher et al., 1973). For example, GH secretion in the 
male rat is characterized by secretory episodes eCOnearning #1 to 3 
rapid-onset pulses separated by 1 to 2 hr periods of basal serum GH 
levels (Willoughby and Martin, 1976). Other studies have demonstrated 
that this ultradian rhythm occurs with a 3.3 hr periodicity and is 
entrained to the light-dark cycle (Tannenbaum and Marein, Lo7G)". 
Although GH secretory dynamics have been studied extensively in the 
rat and rapidly fluctuating serum GH levels have also been described 
in a variety of experimental mammals (for review: Chiodini and 
Liuzzi, 1979) and man (Plotnick et al., 1975), few studies have 
investigated the possible importance of serum GH patterns in either 
nutrient homeostasis or overall somatic growth (Tannenbaum et sitar 
1979; Tannenbaum, 1981). 

While it is certain that many temperate-zone spring-spawning 
teleost fishes have seasonal variations in growth rates (for review: 
Carlander, 1969; Bond, 1979) there are few detailed studies des- 
cribing the changes in growth rates which occur within a Single year. 
In mature carp, Cyprinus carpto, a Cypriniforme closely related to 


the goldfish, most of the annual growth increment occurs in the late 
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Spring and early summer, following the spawning period in early spring 
(Kawamota et al., 1957). This general pattern of seasonal growth 
described for the carp is similar to that of a wide variety of spring- 
spawning teleost fishes including white sucker (Catastomus commersont) 
(Basset, 1975), barbel (Barbus barbus) ( Hunt and Jones, 1975), perch 
(Perea fluvtattlus) (Le Cren, 1951) and the bluegill sunfish 

(Lepomts macrochirus) (Gerking, 1966). It is likely that temperature, 
photoperiod, food availability and the metabolic demands that gonadal 
maturation makes on resources all contribute to these seasonal growth 
patterns (for reviews: Shul'man, 1974; Brett, 1979; Peter, 1979). 

Although associations have been made between environmental 
factors and seasonal growth rates, relatively few studies have in- 
vestigated the possible role of pituitary GH in seasonal growth in 
fishes. Swift and Pickford (1965) used hypox Fundulus heterocltttis 
to bioassay the GH content of pituitary glands obtained from perch 
sampled during an annual cycle and found that growth-promoting 
activity in the pituitary was highest in June, one month prior to the 
period of maximum growth (Swift and Pickford, 1965). These authors 
hypothesized that rising water temperature and/or increasing day 
length stimulates GH synthesis, and that elevated temperature alters 
GH secretion and target-tissue responsiveness. 

Kaul and Vollrath (1974) have studied the annual changes in the 
presumptive pituitary GH cells of the goldfish (C. auratus) by 
electron microscopy. They found that from October to January the GH 
cells had relatively little RER and secretory granules, whereas in 
February and March the GH cells had extensive RER and an increased 


number of secretory granules. In the summer months the amount of RER 
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in the GH cells was increased further, but the secretory granules 
were decreased in number compared to the spring months, which suggests 
that increased rates of GH synthesis and secretion are associated 
with the summer period of increased growth in the goldfish. It is 
apparent, however, that without concomitant serum GH measurements the 
results of Kaul and Vollrath (1974), and also those of Swift and 
Pickford (1965), are open to alternative explanations. The studies 
cited above and others (Pickford, 1959; Saunders and Henderson, 1970; 
Komourdjian et al., 1976, 1977; Adelman, 1977) all suggest from 
indirect evidence, that endogenous teleost GH is involved in the 
annual growth cycle. However, without a validated assay suitable for 
the measurement of endogenous serum GH levels, it has not been 
possible to assess the possible relationship between annual growth 
cycles and circulating GH levels in teleost fishes. 

In fishes in general, and the goldfish in particular, circadian 
rhythms appear well established for circulating levels of several tele- 
ost hormones (gonadotropin, Hontela and Peter, 1978; thyroxine, Spieler 
and Noeske, 1978; prolactin, McKeown and Peter, 1976; cortisol, Peter 
et al., 1978). However, data concerning the possible existence of a cir- 
cadian rhythm in circulating levels of GH in fishes, based on the single 
study of kokanee salmon (Leatherland et al., 1974) are equivocal. These 
authors provided no data concerning reproducibility or stability of the 
two serum 'GH' peaks and the validity of the heterologous GH RIA used in 
this study has been questioned (see GENERAL INTRODUCTION) . 

The present study was designed to determine if goldfish serum ir GH 


levels, tineasured with the cGH RIA validated in Chapter 1, might vary 
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inveithern a daily and/or hourly time period. In addition, the 
present study describes variations in serum ir GH measurements 
obtained from large numbers of female goldfish sampled at three 


Separate times of year. 
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MATERIALS AND METHODS 


hie Source and Maintenance of Experimental Animals 
The source and general holding procedures for the goldfish used 
in the experiments of the present study have been described (see 


Chapter 2). 


II. Experiments 

Experiments 4.1 and 4.2 

At the start of these experiments groups of 7 to 11 female gold- 
fish were fin-clipped for individual identification and acclimated 
for 2 weeks to 12 + 1°C and either a 8L:16D light-dark cycle 
(Experiment 2.1, February, 1980) or a 12L:12D light-dark cycle 
(Experiment 4.2, April, 1980), with lights on at 08:00 hr. In each 
experiment 8 groups of fish were maintained separately, in similar 
96 % flow-through aquaria. On the first day following the acclimation 
period blood samples were obtained from groups of fish at 3.43 hr 
intervals (i-é0"3 hr and 26 min) over a 24°%hr ‘period commencing at 
24:00 hr. For convenience of presentation of the statistics in Figs. 
4.1, 4.2 and 4.3, sample times were rounded to the hr nearest the 
midpoint of the sampling interval (i.e. 03:26 rounded to O3200; 
06:52 to 07500, 10:18) tofL0:0077%13244. to¥14700,917:10%tel17=00,) and 
20:36 to 21:00 hr). The method of anaesthesia, blood sampling 
procedure and preparation of the serum for RIA have been described 
previously (Cook and Peter, 1980). Each group was sampled over a 


15 to 20 min interval and the maintenance of fish in individual 
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hooded aquaria ensured that sampling of one Groupeoferishsdidinoet 
influence the sampling of any other groups of fish. At 09:00 hr on 
the day following the first blood sample, the temperature was 
gradually raised to 20 + eGo 8 eA, second blood sample was obtained 

from each fish after 5 d at the elevated temperature, at the same 

time in the light-dark cycle as the first sample. During the acclima- 
tion periods the fish were fed Ewos (size 5P) trout chow (approximate- 


ly 1% BWt/d) once per day, at preselected randomized times during the 


photophase. Feeding was withheld on the days of blood sampling. 


Expertment 4.3 

In this experiment, performed in August, 1980, all procedures 
including the acclimation time, method of feeding and blood sampling 
were Similar to those described for Experiments 4.1 and 4.2 except 
that the fish were maintained under a 16L:8D light-dark cycle, and 
only a single blood sample was taken after an initial acclimation 
period to 20 + 19°C. At the end of each experiment BWt, sex and 
gonad weight were noted for each fish. The gonosomatic index (GSI) 


for each fish was calculated as described by Cook and Peter (1980). 


Experiments 4.4 and 4.6 

The non-normal distribution and large variability of serum ir GH 
levels obtained in most of the groups sampled from the experiments 
outlined above suggested that serum ir GH levels might fluctuate in 
a pulsatile manner, similar to that described for mammals (see 


INTRODUCTION). For example, in Experiment 4.1, the serum ir GH levels 
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ranged from 15.54 to 94.85 ng/ml in the group of fish held at 20 + 1°c 
and sampled at 13:44 hr. Experiments 4.4 and 4.5 were designed to 
examine the cause of this variability in goldfish serum ir GH levels. 
For Experiment 4.4, 126 male goldfish were acclimated for 4 weeks 
to a simulated ambient light-dark cycle (April, 1980) and 12 + 1°, 
and then randomly distributed into 2 groups of equal number in similar 
296 £ flow-through aquaria. After acclimation for a eanehey Ged 
the tank temperature was gradually raised to 20 + 1°C, since 
Experiments 4.1, 4.2 and 4.3 all suggested an increased occurrence 
of variable and elevated serum ir GH levels in fish acclimated to 
20° compared to 12°C. After 5 d at 20°C, one group of fish was blood 
sampled at 09:00 hr and again 30 min later. Fish were fin-clipped 
for individual identification after the initial blood sample was 
obtained. The methods of anaesthesia, blood sampling and preparation 
of serum for the cGH RIA were as described for Experiments 4.1 to 
4.3. The second group of fish were sampled in a similar manner at 
162) 5¢and °los45ehr. 
For Experiment 4.5, 11 large female goldfish (104.80 + 5.15 
g BWt, X + SE) were maintained and acclimated as described for 
Experiment 4.4. Blood samples (90 to 110 ul) were taken at 20 min 
intervals for a 2 to 3 hr period between 10:00 and 13:00 hr. In 
this experiment sampling was accomplished without anaesthesia using 
gentle restraint in foam rubber blocks. Serum was processed for the 


cGH RIA as described in Chapter l. 
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III. Carp Growth Hormone Radioimmunoassay 
The cGH RIA procedures and validation for the measurement of 


goldfish serum GH have been described in detail (see Chapter 1). 


IV. Statistical Analyses 

Experiments 4.1, 4.2 and 4.3 were analyzed by one-way analysis 
of variance and Duncan's multiple range test (Steel and Torrie, 1960) 
for differences between group means at each acclimation temperature. 
The data were normalized using a logarithmic transformation DELO tO 
Statistical analysis. The paired Student's t-test (Steel and Torrie, 
1960) was used to compare changes in serum GH levels between indivi- 
dual fish sampled at 12 + 1°C and 20 + 1°C, at each sampling time. 

For Experiment 4.4 significant differences in serum ir GH levels 
between the first and second samples of individual goldfish were 
determined using the paired Student's t-test. The Student's t-test 
was used to compare mean serum ir GH values from the fish sampled at 
either 08:30 and 09:00 hr with those sampled at 16:15 and 16:45 hr. 
Since the sensitivity of the cGH RIA is approximately 5 ng/ml serum 
and since the precision of this assay permits detection of differences 
between separate samples of 5 ng/ml serum or less (see Chapter 1), 
changes in serum ir GH values of greater than 5 ng/ml between the 2 
samples from individual fish were considered significant for the 


purposes of this experiment and for Experiment 4.5. 
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RESULTS 


Expertment 4.1 (February, 8L:16D) 

Fig. 4.1 shows the serum ir GH levels in female goldfish after 
acclimation to either 12 or 20°C. After acclimation to 12°C the mean 
serum ir GH level of fish sampled at 00:00 hr was significantly less 
than the groups sampled at 03:26, 10:18, 13:44 and 24:00 hr (p < 0.01). 
Serum ir GH levels measured at 06:52 and 20:36 hr were also signifi- 
cantly less than those obtained at 24:00 hr (Fig. 4.1). Although no 
Significant daily fluctuations in serum ir GH were detected in the 
fish after acclimation to 20°C, there was a significant increase in 
serum ir GH over the levels found in the same fish acclimated to 
12°c at 00:00, 06:52 and 20:36 hr. When all the samples taken at 
each temperature were pooled and compared to each other, it is 
evident that the mean serum ir GH levels are greater at 20° than at 
fo Gato = 0,001)" (Table 4.1)2) ‘The Gst of the fish used-in Experiment 


Mel was 4 Tittt0.62 (xX + SE)A 


Eepertment 4.2 (Aprtl, 12L:12D) 

In Experiment 4.2 there were no significant differences in serum 
ir GH levels between groups of fish sampled at various times of day 
after acclimation to either 12° or 20°C (Fig. 4.2). The group of 
fish sampled at 10:18 hr had significantly elevated ir GH levels 
(p < 0.01) after acclimation to. 20° compared to 12°C (Fig. 4:2): 
however, there were no significant differences between fish acclimated 


to 12° compared with those acclimated to 20°C when all the samples 
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Pig... Serum immunoreactive growth hormone (ir GH) levels 
(x + SE) from female goldfish, in February 1980, 
acclimated for 2 weeks to 12 + 1°C and an 8L:16D 
light-dark cycle with lights on ab 08: 000hr 
(————————_) and after a further 5 d at 
20 t1C (-9--------=--=--- ). The results of the 
Duncan's multiple range test (Den eO20L) ware 
indicated; groups with common underscoring are 
not significantly different. Significant 
differences between the 12 and 20°C sample times 


were determined using the paired Student's t-test 


(*, p< 0,05). Note’ the 10g, ordinate axis. 
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TABLE 4.1 


Average of serum immunoreactive growth hormone (ir GH) levels obtained 
at 8 separate times of the day in female goldfish held under different 
environmental regions and at different times of the year. 


SEE EE EE EE ee ee eee eee 
SE SS ee ee ee ee ee ee 


Experiment 

%¢ 
N 

ie x 
SE 
N 

20 < 
SE 


4.1 4.2 4.3 
February April August 
8L:16D Zi 16L:8D 


ng ir GH per ml serum 


62 60 
i 
17.46 (oe FOOT) 31.89 
£ £ 
0.88 1.65 
2 
(p = 0.001) (NS) 
61 58 68 
29226 (p < 0.05) 35.91 (p < 0.001) 55.88 
- ~ . 
2G, 1.98 B02 


uf Values are obtained by pooling the data from each of the 8 
sample times of Experiments 4.1,°4.2 and 47:3. 


2 Significance levels determined using either the paired or unpaired 
Student's t-test, as appropriate (NS = nonsignificant) . 
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Serum immunoreactive growth hormone (ir GH) levels 
(X + SE) from female goldfish, in April 1980, 
acclimated for 2 weeks to 12 + 1°C and a 12L:12D 
light-dark cycle with lights on at 08:00 hr 
(—_——_————_),, and after a further 5 d at 

20 t 1 C (---<--<------- )e The results of) the 
Duncan's multiple range test (p < 0.01) are 
indicated; groups with a common underscoring are 
not significantly different. Significant 
differences between the 12 and 20°C sample times 
were determined using the paired Student's t-test 


Cx) spe SOO) NOGA chiC 10g, ordinate axis. 
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taken at each temperature were pooled for comparison (Table 4.1). 


The GSI of the fish used in Experiment 4.2 was 11.44 + 1.01% (xX + SE). 


Expertment 4.8 (August, 16L:8D) 

Fig. 4.3 shows serum ir GH levels in female goldfish after 
acclimation to 20°C. ‘The fish sampled at 10:18 hr had significantly 
lower ir GH levels compared with those sampled at 00:00 but not 24:00 
hr. The GSI of the fish used in Experiment 4.3 was 1.37 + 0.24%. 

Table 4.1 presents a comparison of the serum ir GH levels in the 
female goldfish from Experiments 4.1, 4.2 and 4.3 after averaging of 
the values obtained at the 8 sample times of the 24 hr period. Fish 
sampled in April, after acclimation to 12° and 20°C (Experiment 4.2), 
had average serum ir GH levels that were Significantly greater com- 
pared with those of the fish sampled in February (Experiment 4.1) 
after acclimation to the same temperatures. In turn, fish sampled in 
August (Experiment 4.3) had average serum ir GH levels which were 
significantly greater (p < 0.001) than those of fish sampled in April 


acelimated to 20°C (Table 4/1). 


Expertment 4.4 and 4.5 

The results of Experiment 4.4 are summarized in Table 4.2 and 
Fig. 4.4. The fish sampled at 16:15 hr had significantly greater 
serum ir GH levels than those sampled at either 09:00 or 09:30 hr 
(Table 4.2). Furthermore, serum ir GH levels in goldfish sampled at 
16:45 hr were significantly elevated compared with those of the fish 


sampled at 09:30 hr. There was a significant decrease in serum ir GH 
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Serum immunoreactive growth hormone (ir GH) levels 
(X + SE) from female goldfish, in August 1980, 
acclimated for 2 weeks to 20 + inc and a 16L:8D 
light-dark cycle, with lights on at 08:00 hr 

( ). The results of the Duncan's 
multiple range ‘test (p < 0.01) are indicated; 
groups with common underscoring are not 
significantly different. Note the 10g, 4 ordinate 


axis. 
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TABLE 4.2 


Serum immunoreactive growth hormone (ir GH) levels in two groups of 
male goldfish each sampled twice, 30 minutes apart in either the 
morning (Group A) or afternoon (Group B). 


group Group A Group B 
N 63 63 
sample times (hr) OOEOOF OSS © WO iS, Ikes 4s 
ng ir GH/ml serum 32.86" (oO SOL) 38222 
+ £ 
2,00 LEAS) 
Zz, 
(Om Oe Os) (oe arO =O) 
ng ir GH/ml serum 26.00 (Dp <0 3001) 32.48 
Bz + 
Le25 LeS7 


il All data are x + Sires 


2 Significance levels determined using either the paired 
or unpaired Student's t-test, as appropriate. 
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Fig. 4.4. 


Serum immunoreactive growth hormone (ir GH) levels 
in male goldfish acclimated to 20 + 1°C. Each fish 
was blood sampled twice, 30 min apart in either 
the morning (A) or afternoon (B). The group 
sampled in the morning was sampled at 09:00 and 
09:30 hr; the afternoon group was sampled at 16:15 
and 16:45 hr. The figure illustrates the changes 
observed in individual fish in the serum ir GH 
levels at the first and second samples. The 
diagonal line and the shaded area represents a 
line of no change (i.e., slope = 1) and the 

shaded area around the line encompasses the fish 
which increased or decreased by less than 5 ng ir 
GH/ml serum. Five ng ir GH/ml serum is considered 
to be less than a detectable change because of 


assay sensitivity (see MATERIALS AND METHODS). 
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levels between the first and second samples in both groups of gold- 
fish. Fig. 4.4 diagrams serum ir GH changes in individual fish 
sampled at either 09:00 and 09:30 hr (panel A) or 16:15 and 16:45 
hr (panel B); the shaded area demarcates changes between the 2 
sample times of less than 5 ng ir GH/ml serum. Analysis of the 
changes in serum ir GH levels in individual goldfish between the 2 
blood samples taken at 09:00 and 09:30 hr (group A) indicated that 
about 90% of the fish in this group showed either significant 
(i.e. greater than 5 ng ir GH/ml serum difference between first and 
second sample; see MATERIALS AND METHODS) decreases (51%) or no 
Significant change (38%); a small number of fish (10%) showed signi- 
ficant increases of between 5 and 31 ng ir GH/ml serum over the 30 
min sampling interval (Fig. 4.4). Similarly, 52% of the fish sampled 
during the afternoon (group B) showed decreases of greater than 5 ng 
ir GH/ml serum between the 16:15 and 16:45 hr samples and 40% of the 
fish did not change by more than 5 ng ir GH/ml serum between these 
2 sample times. As with the group of fish sampled at 09:00 and 
09:30 hr, about 10% of the fish in group B showed increases greater 
than 5 ng ir GH/ml serum between the 16:15 and 16:45 hr samples. 
Fig. 4.4 also shows that the fish which show appreciable decreases 
during the experiment tend also to have elevated serum ir GH levels 
at the first sample (eithers09-00 or l6.15 hr) theres csnosapoarenc 
relationship for fish which showed appreciable increases in serum 
ir GH levels. 

The results of Experiment 4.5 are shown in Fig. 4.5. Of the ll 
fish sampled, all but 2 fish (I and K) showed changes of greater than 


5 ng ir GH/ml serum within at least one 20 min interval of the 
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Serum immunoreactive growth hormone (ir GH) levels 
obtained from large female goldfish serially 
sampled at 20 min intervals from 10:00 to 12:40 
hr. The acclimation procedure, tank temperature 
and light-dark cycle were as described for 
Experiment 4.4. The eerie of samples from an 


individual fish are identified by a letter. 


Serum 


ng ir GH per ml 


11:00 


11:00 


12:00 


eRe 


sampling period. Four fish (D, E, F and L) showed similar transient 
Significant peaks followed by a slower decline to basal serum ir GH 
levels (Fig. 4.5). When the serum ir GH patterns for these 4 fish 
were shifted with respect to time in order to align the highest ir 

GH level, the composite pattern suggested that the increasing portion 
of the peak serum ir GH level occurred over a shorter time interval 


than the declining portion (20 min compared to 60 min; see Fig. 4.6). 


hay 


Fig. 4.6% 


Serum immunoreactive growth hormone (ir GH) levels 
of serial blood samples obtained from fish D, E, 

F and L (same data as shown in Fig. 4.5). The 
sequence of values obtained at 20 min intervals 
from each fish was shifted with respect to those 
Of the other Lishny to ae the largest ir GH level 
(assigned to time 0 in,the figure). The vertical 
bars represent the standard error and the number 


of values at each point are as shown. 
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DISCUSSION 


Although circadian rhythms or significant daily fluctuations 
have been described for circulating levels of cortisol (Peter et al., 
1978), triiodothyronine and thyroxine (Spieler and Noeske, 1978), 
prolactin (McKeown and Peter, 1976) and gonadotropin (Hontela and 
Peter, 1978) in goldfish, the present study provided no evidence for 
reproducible daily variations in serum ir GH levels in this fish. 
Serum ir GH levels from groups of fish sampled at certain times were 
significantly different from other times during the same 24 hr period. 
For example, in Experiment 4.1 the groups of female goldfish accli- 
mated to 12°C and sampled at 20536 and 06:52 hr had significantly 
lower serum ir GH levels than those sampled at 24:00 hr. However, 
since individual serum ir GH levels were variable within each group 
of fish and since the 00:00 and 24:00 hr sample values were signi- 
ficantly different, it is not likely the observed patterns of serum 
trech levels itsexperiment4.l are part of a circadian GH rhythm in 
the goldfish. In addition, there were no significant differences in 
serum ir GH levels at any of the sample times during the 24 hr 
sampling periods of Experiments 4.2 and 4.3 after acclimation to 12 
and 20°C. However, these negative results regarding a possible 
circadian rhythm in serum GH in goldfish must be viewed cautiously 
since serum ir GH levels were significantly different when very large 
numbers of goldfish (N=63) were sampled at two separate times of day 
(Experiment 4.4). In addition, considering the results of Experi- 


ments 4.1 to 4.3, the possibility of a daily GH rhythm in goldfish 
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kept under different environmental conditions can not be ruled out. 


However, Since the pattern of ir GH levels obtained from serially 
sampling individual goldfish suggests that GH is secreted ina 
pulsatile manner (see below), there would have to be partial temporal 
synchrony of serum ir GH levels within a population of fish in order 
to detect a significant daily cycle of serum ir GH levels. Although 
only 11 fish were sampled repeatedly in Experiment 4.5, there was no 
evidence that the patterns of serum ir GH levels obtained from 
individual fish were synchronized with respect to time. 

There is only limited published evidence available to support 
the concept of diurnal GH variations in teleosts. . Leatherland et ai. 
(1974) described a circadian rhythm in plasma GH levels in juvenile 
kokanee salmon, Oncorhynchus nerka, maintained at 10 to 12°C under a 
natural daylight photoperiod. Although these authors described 
significant GH peaks at 03:00 and 12:00 hr, they provided no data 
concerning reproducibility or stability of the ‘rhythm' or whether 
similar patterns are present in salmon maintained under other 
conditions (Leatherland et al., 1974). Furthermore, the heterologous 
GH RIA used in their study has not been sufficiently validated to 
permit an accurate assessment of the substance(s) measured 
(Nicoll, 1975; see GENERAL INTRODUCTION). More recently, Carillo 
et al. (1980) have shown a significant daily variation in nuclear 
area of presumptive GH cells in tilapia (Sarotherodon mossambtcus) 
maintained at 22 to 23°C and either a 15L:9D or 9L:15D light-dark 
cycle. The finding that the nuclear area of GH cells was greatest 


at the end of the photophase and lowest at 8 hr after the end of the 
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photophase in both short and long photophase experiments (Carillo 
et al., 1980) suggested that this rhythm of the somatotrope cells 
is determined by either the start of the scotophase or end of the 
photophase. Without serum GH measurements it is not possible to 
make a direct comparison between theirs, and the present study, to 
determine if the species used, experimental conditions or other 
factors are responsible for the different results. Obviously, the 
question of possible circadian GH rhythms in teleosts remains open. 
A number of investigators have assumed that GH secretion varies 
seasonally in fishes and can be influenced by environmental factors 
(emg. Gross et adl:, 91965; Swift and Pickford, 1965; Gerking, 1966; 
Saunders and Henderson, 1970; Komourdjian et al., 1976; Adelman, 
1977; Clarke et al., 1981). The present study provides the first 
direct evidence for seasonal variations in serum GH levels in a 
teleost fish. Mean serum ir GH values (obtained by averaging all 
samples obtained during the single 24 hr sampling period) were sig- 
nificantly lower in fish sampled in February (8L:16D), after 
acclimation to 12°C, than in fish sampled in April (12L:12D) also 
acclimated to 12°C. Furthermore, in August (16L:8D) average serum 
ir GH levels of female goldfish acclimated to 20°C were significantly 
greater than those of fish sampled in February or April, after 
acclimation to 12 and 20°C. Since the serum ir GH values outlined 
above were obtained by averaging a large number (N=58 to 68) of 
individual serum ir GH measurements obtained from goldfish sampled 
at 7 equally spaced times of day, it is apparent that differences in 


results of Experiments 4.1 to 4.3 are more likely related to either 
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the time of year or photoperiod rather than the temporal pattern 
of GH release in individual fish (see below) or time of day of blood 
sampling. 

The finding that goldfish serum ir GH levels, averaged over a 
24 hr period, were significantly elevated in August compared to those 
of either February or April, suggests that the increased growth rates 
observed in the post-spawning period, usually during the late spring 
and early summer months for a variety of fishes (see INTRODUCTION) , 
is related to an increase in GH secretion. It is important to 
emphasize, however, that the experimental design of the present study 
does not permit definitive conclusions regarding the cause of the 
difference in average serum ir GH levels between Experiments 4.1 to 
4.3. Since both time of year and the experimental light-dark cycle 
changed concurrently, either or both of these factors may have con- 
tributed to the observed results. Although the experimental protocol 
and blood sampling procedure used in the present study prevented the 
simlutaneous determination of growth rates and serum ir CH levels, 
other studies in this laboratory have shown that growth in goldfish, 
acclimated during August to 20°C and a 16L:8D light-dark cycle, is 
Significantly faster than that of fish maintained at 20°C anda 
12L:12D light-dark cycle during April (A.F. Cook, unpublished re- 
sults). 

Studies concerning the periovulatory changes in circulating 
hormone levels from a natural population of white suckers, Catastomus 
commersont, have indicated significant differences in serum ir GH 


levels at the time of spawning (N.E. Stacey, A.F. Cook, D. MacKenzie 
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and R.E. Peter, unpublished results). Ir GH measurements obtained from 
female suckers prior to and during ovulation (35 and 47 ng ir GH/ml 
serum, N=19 and 11, respectively) were significantly less than those 
from spent fish (74 ng ir GH/ml serum, N=9). Since spent (i.e. post- 
spawning) white suckers are known to leave the spawning grounds within 
several days following ovulation (Scott and Crossman,1973; N.E. Stacey, 
personal communication) and since serum ir GH measurements from spent 
fish sampled at the spawning grounds are greater than those from 
ovulating fish, it is likely that GH secretion increases soon after 
spawning in this species. It is not known if serum ir GH levels are 
elevated as quickly after ovulation in the goldfish as in the sucker, 
but the present study has shown that serum ir GH levels of sexually 
regressed female goldfish in summer (August) are greater than in pre- 
Ovulatory females sampled in the spring (April). In addition, serum ir 
GH measurements from sexually regressed goldfish (GSI = 1.37 + 0.243%, 
X + SE) sampled in August (Experiment 4.3, 55.88 + 3.02 ng ir GH/ml 
serum) were greater than ir GH levels obtained from 2 preovulatory 
goldfish (GSI = 9.08 + 2.00%; 29.28 and 44.94 ng ir GH/ml serum) held 
under identical conditions at the same time of year. 

Since increasing ambient temperature from 12 to 20°C resulted in a 
marked increase in serum ir GH levels in February (8L:16D), but not in 
April (12L:12D), it is apparent that, in addition to reproductive state, 
the season (i.e. month of year) and/or light-dark cycle can modify the 


GH response to temperature. A large number of studies have demonstrat- 


ed that, in fishes, the growth response increases with elevated tempera- 


ture up to an optimum, then declines at above optimal temperatures 


(for review: Brett, 1979). Since it has been shown that elevated serum 


HSS 


a 7 ‘ 7 AL ie 
mt? benladdo ec‘avtewsses HD at fediwes: Podaelidegar (sager «3,2 


7 = re ae ii _ = 


2¢\ worssivve paiswh fae 62 3613 mexaus alsmer 
tnectiinehe etev (vievisoeqeat , Of Gas ets moe 
rr rece Ou omzee In Ho 12 6a OY) det? Jneqe mee 


aul Of event 2s evoanua edidw (patawage 


\lexezox? GWk #2008) coiseiuvo gaiwollos axes ne 


= >; mew’se aortic bean (noigssiqumaos Lenosss 


ty kt: Hae seht 7% a¥6 S16 Bbagoim palawege ocd Se be fqube, de 


ty 


jayoee: HD sacdF viethi “as $1 fect onion 
wt gan et 2 .ewtoege @f4? at potaw 
> off al aottal 1ad%6 ylaolep-ss beset 


cam yvierte Jaseesta ot 


ta bt 
« 


Aiee ae © Yrodsua) pute atl Aesthiop nisms? bozepiye 
- srr) « iste wir al qites eel ame’ ytoda 


DAeRwE ry ’ ceen woud ajaemexvenend = ye 


~. 


ae <<. Frere “Faupur nz bo lanse (32- ts 


> Bonk > gflewel 8B xi coeds sovaedsp stow @ 
a — _— = re - 


is xi pr be.o8 ote ah. ee ,790.8 2 86,8 = Iea) asta 


qs 


omen ot 22 anolatbaoe Leoktaiibk x 
b ai Bes ; A of ! 23 sistese7tmes Jaaicies pilesetont Lier 


eS Jon Sod .)88L:29) Crevsdet ati elove - hy th tes al “peaoxsal 


erage sub rewbanges ot nok2b6s as soaks Ie rosecs “ak 3i (OSL2aS 
ie ek L or — ie ste 7 


eg 
. - 3 
o - ie = _ ( fr 7 rn — = a 4 a —. 


160 


ir GH levels can be associated with elevated growth rates in goldfish 
(see Chapter 3), the serum ir GH response to a temperature increase 
observed in February, but not April, may represent part of a pituitary 
mediated temperature effect on growth of goldfish. Together, the 
effects of temperature and season and/or photoperiod on serum ir GH 
levels in goldfish make it possible to speculate that GH secretion in- 
creases progressively during the period from early spring to the summer 
months, with maximum levels associated with the period of most rapid 
somatic growth occurring after the spawning season and that GH 
secretion is accelerated by increasing ambient temperature in the early 
spring. The present study has provided support for the presumed re- 
lationship between seasonal growth and GH secretion in teleosts (see 
INTRODUCTION) and has demonstrated that the goldfish, and the cGH RIA 
described previously, will be useful to further our understanding of 
the role of various environmental factors in influencing circulating 
GH levels in fishes. 

Serum ir GH levels in goldfish from a variety of experiments 
were often non-normally distributed with low values bunched close to 
the mean and elevated values extending far above the mean. In 
Experiment 4.4 the distribution of serum ir GH values from the group 
of goldfish sampled at 09:00 hr was significantly different from a 


normal distribution of values (p<0.05, Kolmogorov-Smirnov test of 


normality, Been es NC and a logarithmic transformation of the 
values resulted in a normal distribution. Since there was a signif- 
icant difference between the serum ir GH values of individual fish 
sampled at 09:00 and 09:30 hr it is likely that the non-normal 


distribution is a result of the changing serum ir GH levels in 
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individual fish, rather than a non-normal distribution of constant 
serum ir GH in individual goldfish. The finding that serum ir GH 
levels can change markedly in the 30 min sampling interval of 
Experiment 4.4 suggests that GH may be released in spontaneous bursts 
Similar to that described for mammals (for review: Martin, 1976; 
Weiner and Ganong, 1978; see INTRODUCTION). If it is assumed there 
is a non-uniform distribution of GH secretory bursts with respect to 
time, as suggested by Experiment 4.5, and that the effect of sampling 
on serum ir GH levels is similar for all goldfish, then the finding 
that more fish showed decrements than showed increments over the 30 
min period, suggests that the time-interval of a 'GH secretory burst' 
is much shorter than that of the subsequent decline to basal ir GH 
levels. Although it is possible that the stress of the first blood 
sample may have influenced the second serum ir GH measurement, the 
finding that both the magnitude and direction of change between the 
two samples was different in individual goldfish, in spite of their 
Similar BWt, suggests that the observed results were not due to blood 
sampling. In addition, data obtained by serially sampling large 
goldfish also demonstrated the pulsatile variations in serum ir GH 
levels and confirmed that the bursts occur over a shorter time 
period (about 20 min) than the declining period (about 1 hr) (see 
Bigq.)4.6).; 

The short-term fluctuations in serum ir GH levels shown in 
Figs. 4.4 to 4.6 were of a smaller amplitude than that observed in 
other studies in goldfish (A.F. Cook, unpublished results) and in 


the rat and other mammals (for review: Chiodini and Liuzzi, 1979). 
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While it is possible that the secretory GH patterns are smaller in 
goldfish than in mammals, additional studies are required to determine 
whether the method of anaesthesia or blood sampling procedure are, in 
part, responsible for this difference. In addition, future studies 
will have to determine the effect of feeding on pulsatile GH release 
in goldfish in view of recent studies in the rat where food 
deprivation for 48 and 72 hr was shown to suppress pulsatile GH 
release (Tannenbaum et al., 1979; Tannenbaum, 1981). 

While additional studies are required to determine if the 
changing serum ir GH levels are part of an ultradian rhythm or 
represent random GH secretory bursts, the present results strongly 
suggest pulsatile GH release in goldfish. Since the present study 
has also demonstrated seasonal variations in goldfish serum ir GH 
levels that can be related to the seasonal pattern of growth typical 
of many spring-spawning teleost fishes, it is possible that the 
seasonal variations in GH secretion in goldfish represent superim- 


posed neuroendocrine influences on the pulsatile secretory mechanism. 
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GENERAL DISCUSSION 


The major objective of the present study was the development of 
a valid RIA suitable for the measurement of circulating GH levels in 
goldfish. Results presented in Chapter 1 demonstrated that the cGH 
RIA provided reproducible and sensitive measurements of ir GH in 
goldfish serum. The sensitivity and range of this RIA was suitable 
for the wide variety of goldfish physiological studies described in 
Chapters 2 to 4. 

The specificity of the cGH RIA for endogenous circulating GH in 
goldfish was investigated using several independent procedures which 
are summarized below. First it was demonstrated that serial dilutions 
of serum from goldfish with an intact pituitary gland caused RIA 
inhibition curves which were parallel to that of purified cGH, 
whereas serum from hypox goldfish did not cross-react in this RIA. 
Second, goldfish serum ir GH levels were not altered under conditions 
which were associated with marked changes in GTH and PRL secretion. 
Third, the ir GH measurements of goldfish serum which had been frac- 
tionated by gel filtration (Sephadex G-100) indicated chromatographic 
Similarity between serum ir GH and purified rere n Fourth, 
immunoadsorption of goldfish serum with rabbit anti-cGH serum and 
Subsequent gel filtration suggested that the rabbit anti-cGH serum 
used in the RIA binds to circulating goldfish GH, supporting the 
specificity of the cGH RIA. Fifth, analysis of RIA inhibition curves 
caused by serial dilutions of carp GTH and goldfish PRL indicated 


that the contribution of these hormones to serum ir GH measurements 
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is either negligible or nonexistent. Sixth, results obtained using the 
PAP immunohistochemical technique extended the RIA analyses of hormone 
specificity by demonstrating that the rabbit anti-cGH serum reacted 
only with the electron dense granules of the growth hormone cells in 
the goldfish pituitary gland. Since the presumptive hormone granules 
of the other goldfish pituitary cell types did not react using the PAP 
method and the rabbit anti-cGH serum, it is likely that only goldfish 
GH reacts in the RIA. 

The biological activity of the cGH used for standards and tracer 
in the RIA was determined by measuring its growth promoting activity 
in a near-homologous bioassay. Intact goldfish injected with l ug 
cGH/g BWt gained weight at a significantly greater rate than either 
the pretreatment control values or simultaneous vehicle injected 
groups. Preliminary results obtained by passive immunization of gold- 
fish with rabbit anti-cGH serum suggested that endogenous circulating 
goldfish GH was neutralized by this antiserum. Although further 
investigations are required to fully evaluate the biological activi- 
ties of both the cGH and the rabbit anti-cGH serum, the present study 
has demonstrated that the cGH RIA is based on a growth-promoting hor- 
mone and growth-neutralizing antisera. 

A series of experiments described in Chapter 2 demonstrated an 
inhibitory action of synthetic mammalian SRIF on serum ir GH levels in 
male goldfish. Two ip injections of either 0.5 or 1.0 ug SRIF/g BWt 
given 12 hr apart caused a significant decrease in serum ir GH levels 
at 1.5 hr following the second injection and also resulted in a 


significant post-inhibitory rebound in serum ir GH levels at 24 hr 
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post-injection. Analysis of the changes in serum ir GH levels in 
individual goldfish suggested that SRIF may act by inhibiting only the 
spontaneous GH secretory bursts (see below). Since SRIF also inhibits 
GH release in a variety of mammals and in birds (Chiodini and Liuzzi, 
1979), the cGH RIA developed in the present study shares, in common 
with a wide variety of independently developed GH RIAs, the property 
of measuring the inhibition of serum ir GH levels after SRIF treatment. 
In addition, these results extend previous studies by Fryer et al. 
(1979) who demonstrated that SRIF produced a dose-dependent inhibition 
of GH release from tilapia pituitary glands cultured tn vittro. Since 
SRIF has been shown to inhibit GH release tn vitro (tilapia GH 
measured by RRA, Fryer et al., 1979) and tn vivo (goldfish GH 
measured by RIA, present study), and has been located in several 
hypothalamic nuclei, especially the NPP (rainbow trout, SRIF detected 
by immunofluorescence, Dubois et al., 1979), in teleost fishes, it 
is now reasonable to postulate a role for SRIF in the regulation of 
GH secretion in this vertebrate group. Further support for this 
hypothesis is provided by results of brain lesioning studies which 
indicated the NPP of the goldfish hypothalamus was involved in the 
inhibition of GH secretion in this species (Fryer, 1981; see Chapter 
3). 

Additional experiments presented in Chapter 2 investigating the 
effects of a variety of monoamines and related drugs and their inter- 
action with SRIF on serum ir GH levels in goldfish also provided new 


information regarding the neural regulation of teleost GH secretion. 
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Systemic injections of 50 to 100 ug L-DOPA/g BWt resulted in a dose- 
dependent elevation in serum ir GH levels at 1 hr post-injection. 

The finding that the serum ir GH response to a combination of L-DOPA 
and the peripheral decarboxylase inhibitor CARBIDOPA was greater than 
that of an equivalent dose of L-DOPA alone suggests a CNS site of 
action for L-DOPA in elevating serum ir GH levels in goldfish. Since 
NE decreased serum ir GH levels during the summer months at a time 
when L-DOPA increases serum ir GH levels, it is likely that DA, and 
not NE, is responsible for the central stimulatory effect of L-DOPA on 
GH secretion in goldfish. Further work is necessary to determine 
whether this action of DA on serum ir GH levels is mediated by the 
action of SRIF and/or GHRF on the somatotrope secretory cells of the 
goldfish pituitary gland. 

Results of experiments completed between November and February 
provided evidence for an a-adrenergic stimulation of GH secretion in 
the goldfish, whereas similar experiments done in the summer months 
demonstrate that NE lowered serum ir GH levels. The finding that the 
serum ir GH response to exogenously administered NE varied depending 
on time of year makes it reasonable to consider the possibility of a 
central GH regulating mechanism in goldfish that may be influenced by 
the season and/or reproductive state (see DISCUSSION of Chapter 4). 
In support of this, results of hypothalamic lesioning in goldfish 
also differed when experiments were done at different times of year 
(see Chapter 3) and serum ir GH levels were also found to vary 
seasonally in goldfish (see Chapter 4). Further investigations con- 


cerning the control of GH secretion in fishes must take into account 
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the possible influence of time of year and environmental factors on 
experimental results. 

Lesions placed in the NPP of the goldfish hypothalamus resulted 
in significant increases in both BWt and SL increments, and serum ir 
GH levels at 4 weeks post-operation. In rainbow trout, the NPP has 
been shown to be rich in SRIF immunoreactivity, presumably reflecting 
the high concentration of somatostatinergic neurons in this hypothala- 
mic nucleus (Dubois et al., 1979). If the distribution of SRIF in the 
goldfish hypothalamus is similar to that of the rainbow trout, then 
the increased serum ir GH levels and histological and ultrastructural 
evidence of increased GH secretion (Fryer, 1981) following NPP 
lesioning in goldfish was likely due to destruction of somatostatiner- 
gic neurons and subsequent removal of the inhibitory influence of SRIF 
on GH secretion. Since changes in growth, as indicated by increased 
BWt and SL increments, and serum ir GH levels were both elevated 
after lesioning of the NPP in goldfish, it is reasonable to speculate 
that increased growth rates resulted from increased pituitary GH 
secretion. In addition, these findings are consistent with the 
hypothesis that the cGH RIA measures circulating ir GH in goldfish 
that 1s;,at least in part, sbiologically.active. 

The cGH RIA described above was used in Chapter 4 to determine 
if goldfish serum ir GH levels vary during either a daily or hourly 
time period. Since the daily sampling experiments (i.e. 8 groups of 
fish sampled during a 24 hr interval) were done at three separate 
times of year, it was also possible to determine whether serum ir GH 
levels in female goldfish vary depending on either season and/or 


photoperiod. Results presented in Chapter 4, based on three separate 
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experiments (4.1, 4.2 and 4.3), provided no evidence for a circadian 
rhythm in serum ir GH levels in goldfish. ‘Although the present study 
has clearly demonstrated abrupt changes in serum ir GH levels in 
goldfish (see below) suggestive of pulsatile GH release, it is pre- 
mature to speculate on the possible presence of an ultradian GH 
rhythm in teleosts until future studies have carefully examined the 
influence of the blood sampling procedure and time of feeding on the 
pattern of GH release in fishes. The finding that serum ir GH levels 
in individual goldfish can fluctuate abruptly over a short time 
interval of about 20 to 30 min and the apparent lack of synchrony in 
serum ir GH changes between fish are both consistent with the lack of 
a circadian rhythm in serum GH. 

An important finding presented in Chapter 4 was the marked 
differences in serum ir GH levels in female goldfish sampled at 
different times of year. Mean serum ir GH values (obtained by 
averaging all samples obtained during the single 24 hr sampling 
period) were significantly lower in February (8L:16D), after 
acclimation to iow than in fish acclimated to Weve ineApr a Cio: 
12D). In addition, there were progressive increases in mean serum ir 
GH levels in fish sampled in February (8L:16D), April (12L:12D) and 
August (16L:8D), all acclimated to 20° e Since growth rates of many 
spring-spawning teleost fishes are greater in the late spring and 
summer months after the spawning period, it is reasonable to speculate 
that the increased serum ir GH levels observed in the female goldfish 
sampled in August reflect increased pituitary GH secretion and sub- 


sequent growth-promoting action of circulating GH. 
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APPENDIX I 


FRACTIONATION OF CARP GROWTH HORMONE AND PREPARATION OF ANTISERA 
CARRIED OUT AT THE HORMONE RESEARCH LABORATORY, UNIVERSITY OF 
CALIFORNIA, SAN FRANCISCO, BY DR. SUSAN WALKER FARMER. 


MATERIALS AND METHODS 

Acetone dried carp pituitary powder was purchased from Stoller 
Fisheries, Spirit Lake, Iowa, in two batches of 21 g and 8 g dry 
weight. The methodology employed for the purification of GH from 
these pituitaries was similar to that previously employed for other 
GHs (Farmer et al., 1976, 1981). Methodological details presented 
in these reports will not be repeated here. The pituitary powder 
was dissolved in water, adjusted to pH 9.5 with Ca(OH) , and stirred 
at 4° for 3 hr. The soluble extract was chromatographed on Amberlite 


cG-50 equilibrated with (NH,),SO and the GH fraction was eluted 


Ze 
with pH 6 phosphate buffer. This fraction was then chromatographed 


on DEAE-cellulose equilibrated with 0.03 M NH HCO, , PH 9; GH was 


adsorbed and eluted with 0.2 M NH, HCO,. After removal of a 203 


precipitate the GH fraction was precipitated with 403 (NH) SO,, and 


then with HPO., in order to further concentrate the GH. Final 
purification was achieved by gel filtration on Sephadex G-100 
equilibrated with 0.05 M NH ,HCO.- 

As noted above, two batches of carp pituitary powder were 
processed. A low yield of GH was obtained with the initial batch, 
5 mg/kilo, which may be due to the fact that improperiy chilled ace- 


tone was used for the gland collection. A higher yield, 75 mg/kilo, 
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was obtained with the second batch. This material was used for 
characterization and radioiodination while GH from the first batch 
was used for antiserum production. 

The following determinations were performed on the cGH prepara- 
tion: amino acid composition (Spackman et al., 1958); NH.-terminal 
amino acid analysis by the Dansyl procedure (Gray, 1967; Woods and 
Wang, 1967); COOH-terminal analysis by hydrazinolysis (Niu and 
Fraenkel-Conrat, 1955); molecular weight determination by SDS poly- 
acrylamide disc gel electrophoresis (Weber and Osborn, 1969); and 
gel electrophoresis at pH 8.3 in 7.5% gels stained with Coomassie 
blue dye (Ornstein, 1964). Double antibody RIAs employed for 
identification of GH fractions were based on a monkey anti-rat GH 
serum (Hayashida, 1970) and a monkey anti-snapping turtle GH serum 
(Hayashida et al., 1975), with iodinated rat GH (National Institute 
of Arthritis and Metabolic Diseases). 

For preparation of antiserum to the purified carp growth hormone, 
a young male albino New Zealand rabbit was injected with cGH pre- 
pared from the first batch of pituitaries (see above). Three 
injections of 300, 250 and 200 ug each were given in complete 
Freund's adjuvant at 20 to 30 d intervals. A booster injection of 
50 ug was given in saline and the rabbit was completely bled by 
cardiac puncture. Merthiolate (1:10,000) was added to the serum as 


a preservative. 
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RESULTS 

Carp growth hormone behaved identically during purification to 
the tetrapod and piscine GHs previously studied (Farmer et ahem 
1974, 1976, 1981). cGH was obtained in a low yield, 3 mg total, 
representing 75 mg/kilo, precluding detailed characterization 
studies. A molecular weight of 22,500 was calculated for cGH. 
Leucine was found as the major amino terminal residue, but trace 
amounts of several other amino acids were also identified. Serine 
was the major carboxyl terminal residue, glycine was also present. 
On disc gel electrophoresis, cGH showed the same pattern as the 
other GHs, but had a slightly higher Re value (about 0.35), similar 
to human GH (Fig. I.1). The amino acid composition of cGH is present 
in Table I.1, along with that of two other piscine species, tilapia 
and sturgeon. Because the molecular weights of these GHs are all 
Similar to that of ovine GH, the piscine amino acid analyses were 
calculated on the basis of the number of residues determined by 
structural analysis for ovine GH (191 residues; Li et al., 1973). 
The cGH exhibits features that have been found to characterize known 
vertebrate GHs; two disulfides, a single tryptophan, low methionine 
and histindine content, and a high glutamic acid and leucine content 
(Wilhelmi, 1974). The cGH composition had high values for aspartic 
acid and valine content, but all values were within observed ranges 
of GH molecules from a wide variety of species (for reviews: 
Wilhelmi, 1974 for mammalian species and Farmer and Papkoff, 1979 


for non-mammalian species). 
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Testing of cGH and tGH for immunological reactivity in two 
heterologous GH RIA systems which show wide species cross-reactivity, 
demonstrated significant, low-potency slopes of inhibition compared 
to that of the rat GH standard (Fig. I.2). Notably the cGH and tGH 
showed displacement curves which were approximately parallel compared 


to each other in both of these GH RIAs (see Fig. I.2). 
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4 
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Pigs SEs. Disc gel electrophoresis patterns of purified 
mammalian and piscine pituitary growth 
hormones. The gels were 7 4% polyacrylamides, 
run at pH 8.3, and stained with Coomassie blue 


dye. 
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TABLE I.1 


: erate * ; . 
no acid composition of carp, Mmunpnee and eeurcecu: growth 


hormones. 


Amino acid Carp Tilapia Sturgeon 
Lys 10.4 Sac Naira 
His 4.8 55.0 4.0 
Arg 3 10 as © 
Asp 24.8 NS es 20a0 
Thr TOC e200 Oey, 
Ser Te <5 21.4 1833 
Glu 2356 PANN 21a 
Pro Seo 6.8 Ord 
Gly 8.8 7.4 7.0 
Ala 10.6 8.2 o°3 
+ Cys Sin 4.6 4.6 
Val A es: 6.0 O53 
Met 4.5 AAP 2.9 
Ile iO J)-10 SES 
Leu 22:8 PAIL? 24.1 
Ey 4.5 7.2 6.3 
Phe 8.0 Ged LOGS 


1 Amino acid analysis: 20 hr hydrolysis, not corrected for 


hydrolytic destruction, calculated on the basis of 191 
residues/mole. 


taken from Farmer @t al, 1976. 


taken from Farmer et al. 1981. 
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Competitive binding curves for preparations 
for purified rat, tilapia and ‘carp growth 
hormones (GH) in two double antibody 
radioimmunoassays (RIA) employing a rat GH 
antiserum and a snapping turtle GH antiserum. 
Rat GH was employed as a tracer for both as 
assays. Each point represents the mean of 


duplicate determinations. 
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